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Chapter 1 

Units and Problem Solving 



m. i 
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1.1 The Big Idea 



Units identify what a specific number refers to. For instance, the number 42 can be used to represent 
42 miles, 42 pounds, or 42 elephants! Numbers are mathematical objects, but units give them physical 
meaning. Keeping track of units can help you avoid mistakes when you work out problems. 




Figure 1.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1057 



Key Concepts 

• Every answer to a physics problem must include units. Even if a problem explicitly asks for a speed 
in meters per second (m/s), the answer is 5 m/s, not 5. 

• When you're not sure how to approach a problem, you can often get insight by considering how to 
obtain the units of the desired result by combining the units of the given variables. For instance, if 
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you are given a distance (in meters) and a time (in hours), the only way to obtain units of speed 

(meters/hour) is to divide the distance by the time. This is a simple example of a method called 

dimensional analysis, which can be used to find equations that govern various physical situations 

without any knowledge of the phenomena themselves. 

This textbook uses SI units (La Systeme International d'Unites), the most modern form of the metric 

system. 

When converting speeds from metric to American units, remember the following rule of thumb: a 

speed measured in mi/hr is about double the value measured in m/s (i.e., 10 {m/s} is equal to about 

20 MPH). Remember that the speed itself hasn't changed, just our representation of the speed in a 

certain set of units. 

If a unit is named after a person, it is capitalized. So you write "10 Newtons," or "10 N," but "10 

meters," or "10 m." 

Vectors are arrows that represent quantities with direction. In this textbook, vectors will be written 

in bold. For instance, the force vector will be written as F in this textbook. Your teacher will likely 

useF to represent vectors. Don't let this confuse you: F represents the same concept as F . 




Figure 1.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1058 




Figure 1.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1059 



Vectors can be added together in a simple way. Two vectors can be moved (without changing their 
directions) to become two legs of a parallelogram. The sum of two vectors is simply the diagonal of 
the parallelogram: 
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Key Equations 



1 meter = 3.28 feet 
1 mile =1.61 kilometers 
1 lb. (1 pound) = 4.45 Newtons 

Key Applications 

The late great physicist Enrico Fermi used to solve problems by making educated guesses. Say you want 
to guesstimate the number of cans of soda drunk in San Francisco in one year. You'll come pretty close 
if you guess that there are about 800,000 people in S.F. and that one person drinks on average about 100 
cans per year. So, around 80,000,000 cans are consumed every year. Sure, this answer is not exactly right, 
but it is likely not off by more than a factor of 10 (i.e., an "order of magnitude"). That is, even though we 
guessed, we're going to be in the ballpark of the right answer. This is often the first step in working out a 
physics problem. 

Table 1.1: 



Type of measurement 



Commonly used symbols 



Fundamental units 



length or position 
time 

velocity or speed 
mass 
force 
energy 
power 

electric charge 
temperature 
electric current 
electric field 
magnetic field 
magnetic flux 



d,x,L 

t 

v,u 

m 

F 

E, K, U, Q 

P 

q,e 

T 

I 

E 

B 



meters (m) 

seconds (s) 

meters per second (m/s) 

kilograms (kg) 

Newtons (N) 

Joules (/) 

Watts (W) 

Coulombs (C) 

Kelvin (K) 

Amperes (A) 

Newtons per Coulomb (N/C) 

Tesla (r) 

Webers (Wb) 



Pronunciation table for commonly used Greek letters 



p "mu" 


t u tau" 


$ "Phi"* 


to "omega" 


p "rho" 


6 "theta" 


it "pi" 


Q "Omega"* 


A "lambda" 


E "Sigma"* 


a "alpha" 


fi "beta" 


y "gamma" 


A "Delta"* 


e "epsilon" 



* upper case (a subscript zero, such as that found in xo is often pronounced "naught" or "not") 

Units and Problem Solving Problem Set 

1. Estimate or measure your height. 

(a) Convert your height from feet and inches to meters. 

(b) Convert your height from feet and inches to centimeters (100 cm = 1 m) 

2. Estimate or measure the amount of time that passes between breaths when you are sitting at rest. 
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(a) Convert the time from seconds into hours 

(b) Convert the time from seconds into milliseconds = (ms) 

3. Convert the French speed limit of 140 km/hr into mi/hr. 

4. Estimate or measure your weight. 

(a) Convert your weight in pounds into a mass in kg 

(b) Convert your mass from kg into fig 

(c) Convert your weight into Newtons 

5. Find the SI unit for pressure. 

6. An English lord says he weighs 12 stone. 

(a) Convert his weight into pounds (you may have to do some research online) 

(b) Convert his weight in stones into a mass in kilograms 

7. If the speed of your car increases by 10 mi/hr every 2 seconds, how many mi/hr is the speed increasing 
every second? State your answer with the units mi/hr/s. 

8. A tortoise travels 15 meters (m) west, then another 13 centimeters (cm) west. How many meters 
total has she walked? 




9. A tortoise, Bernard, starting at point A travels 12 m west and then 150 millimeters (mm) east. How 
far west of point A is Bernard after completing these two motions? 

10. 80 m + 145 cm + 7850 mm = X mm. What isX ? 

11. A square has sides of length 45 mm. What is the area of the square in mm 2 ? 

12. A square with area 49 cm 2 is stretched so that each side is now twice as long. What is the area of 
the square now? Include a sketch. 

13. A rectangular solid has a square face with sides 5 cm in length, and a length of 10 cm. What is the 
volume of the solid in cm 3 ? Sketch the object, including the dimensions in your sketch. 

14. As you know, a cube with each side 4 m in length has a volume of 64 m 3 . Each side of the cube is 
now doubled in length. What is the ratio of the new volume to the old volume? Why is this ratio 
not simply 2? Include a sketch with dimensions. 

15. What is the ratio of the mass of the Earth to the mass of a single proton? (See equation sheet.) 

16. A spacecraft can travel 20 km/s. How many km can this spacecraft travel in 1 hour (h)? 

17. A dump truck unloads 30 kilograms (kg) of garbage in 40 s. How many kg/s are being unloaded? 

18. The lengths of the sides of a cube are doubling each second. At what rate is the volume increasing? 

19. Estimate the number of visitors to Golden Gate Park in San Francisco in one year. Do your best to 
get an answer that is correct within a factor of 10. 

20. Estimate the number of water drops that fall on San Francisco during a typical rainstorm. 

21. What does the formula a = ^ tell you about the units of the quantity a (whatever it is)? 

22. Add the following vectors using the parallelogram method. 

(a) 
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(c) 




Answers to Selected Problems 

1. a. A person of height 5 ft. 11 in. is 1.80 m tall 

2. b. The same person is 180 cm 

3. a. 3 seconds = 1/1200 hoursb. 3xl0 3 ms 

4. 87.5 mi/hr 

5. c. if the person weighs 150 lb. this is equivalent to 668 N 

6. Pascals (Pa), which equals N/m 

7. 168 lb., 76.2 kg 

8. 5 mi/hr/s 

9. 15.13 m 

10. 11.85 m 

11. 89,300 mm 

12. f. 2025 mm 2 

13. b. 196 cm 2 

14. c. 250 cm 3 

15. 8:1, each side goes up by 2 cm, so it will change by 2 3 

16. 3.5 X10 51 : 1 

17. 72,000 km/h 

18. 0.75 kg/s 

19. 8x2^ cm 3 / sec; N is for each second starting with seconds for 8 cm 3 

20. About 12 million 

21. About l\ trillion (1.5 x 10 12 ) 

22. [a] = N/kg = m/s 2 



www.ckl2.org 



Chapter 2 

Energy Conservation 




coram on 



2.1 The Big Idea 



Energy is a measure of the amount of, or potential for, dynamical activity in something. The total amount 
of energy in the universe is constant. This symmetry is called a conservation law. Physicists have identified 
five conservation laws that govern our universe. 

A group of things (we'll use the word system) has a certain amount of energy. Energy can be added to a 
system: when chemical bonds in a burning log break, they release heat. A system can also lose energy: 
when a spacecraft "burns up" its energy of motion during re-entry, it releases energy and the surrounding 
atmosphere absorbs it in the form of heat. A closed system is one for which the energy is constant, or 
conserved. In this chapter, we will often consider closed systems; although the total amount of energy 
stays the same, it can transform from one kind to another. We will consider transfers of energy between 
systems — known as work— in more detail in Chapter 8. 



Key Definitions 

Kinetic energy 



1 2 \m mass (in kilograms, kg) 
K = -my \ 

2 I v speed (in meters per second, m/s) 



Gravitational potential energy 
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U g = mgh 



h height above the ground in meters (m) 
g acceleration due to gravity, 9.8 m/s 
E energy (in Joules; 1 J = 1kg m 2 /s 2 ) 



Key Concepts 

• Any object in motion has kinetic energy. Kinetic energy increases as the square of the velocity, so 
faster objects have much more kinetic energy than slower ones. 

• The energy associated with gravity is called gravitational potential energy. Near the surface of the 
earth, an object's gravitational potential energy increases linearly with its height. 

• Molecules store chemical potential energy in the bonds between electrons; when these bonds are 
broken the released energy can be transferred into kinetic and/or potential energy. 1 KCal (1 food 
Calorie) is equal to 4180 Joules of stored chemical potential energy. 

• Energy can be transformed from one kind into another and exchanged between systems; if there 
appears to be less total energy in a system at the end of a process then at the beginning, the "lost" 
energy has been transferred to another system, often by heat or sound waves. 

Key Applications 

• In "roller coaster" problems, a cart's gravitational potential energy at the top of one hill is transformed 
into kinetic energy at the next valley. It turns back into potential energy as cart climbs the next hill, 
and so on. In reality a fraction of the energy is lost to the tracks and air as heat, which is why the 
second rise is rarely as big as the first in amusement parks. 




Figure 2.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2393 

In "pole-vaulter" problems, the athlete's body breaks down the food molecules to change some of the 
bonding energy into energy that is used to power the body. This energy is transformed into kinetic 
energy as the athlete gains speed. The kinetic energy can be changed into potential energy as the 
athlete gains height. 

In "pendulum" problems, the gravitational potential energy of the pendulum at its highest point 
changes to kinetic energy as it swings to the bottom and then back into potential energy as it swings 
up. At any in-between point there is a combination of kinetic energy and potential energy, but the 
total energy remains constant. 
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Figure 2.2: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/2394 



Video 



Figure 2.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1062 




Figure 2.4: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/1063 
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Energy Conservation Problem Set 



1. A stationary bomb explodes into hundreds of pieces. Which of the following statements best describes 
the situation? 

(a) The kinetic energy of the bomb was converted into heat. 

(b) The chemical potential energy stored in the bomb was converted into heat and gravitational 
potential energy. 

(c) The chemical potential energy stored in the bomb was converted into heat and kinetic energy. 

(d) The chemical potential energy stored in the bomb was converted into heat, sound, kinetic energy, 
and gravitational potential energy. 

(e) The kinetic and chemical potential energy stored in the bomb was converted into heat, sound, 
kinetic energy, and gravitational potential energy. 

2. You hike up to the top of Granite Peak in the Trinity Alps to think about physics. 

(a) Do you have more potential or kinetic energy at the top of the mountain than you did at the 
bottom? Explain. 

(b) Do you have more, less, or the same amount of energy at the top of the mountain than when 
you started? (Let's assume you did not eat anything on the way up.) Explain. 

(c) How has the total energy of the Solar System changed due to your hike up the mountain? 
Explain. 

(d) If you push a rock off the top, will it end up with more, less, or the same amount of energy at 
the bottom? Explain. 

(e) For each of the following types of energy, describe whether you gained it, you lost it, or it stayed 
the same during your hike: 

i. Gravitational potential energy 

ii. Energy stored in the atomic nuclei in your body 

iii. Heat energy 

iv. Chemical potential energy stored in the fat cells in your body 

v. Sound energy from your footsteps 

vi. Energy given to you by a wind blowing at your back 

3. Just before your mountain bike ride, you eat a 240 Calorie exercise bar. (You can find the conversion 
between food Calories and Joules in the chapter.) The carbon bonds in the food are broken down in 
your stomach, releasing energy. About half of this energy is lost due to inefficiencies in your digestive 
system. 

(a) Given the losses in your digestive system how much of the energy, in Joules, can you use from 
the exercise bar? 

After eating, you climb a 500 m hill on your bike. The combined mass of you and your bike is 75 kg. 

(b) How much gravitational potential energy has been gained by you and your bike? 

(c) Where did this energy come from? 

(d) If you ride quickly down the mountain without braking but losing half the energy to air resis- 
tance, how fast are you going when you get to the bottom? 

4. You find yourself on your bike at the top of Twin Peaks in San Francisco. You are facing a 600m 
descent. The combined mass of you and your bicycle is 85 kg. 
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(a) How much gravitational potential energy do you have before your descent? 

(b) You descend. If all that potential energy is converted to kinetic energy, what will your speed be 
at the bottom? 

(c) Name two other places to which your potential energy of gravity was transferred besides kinetic 
energy. How will this manifest itself in your speed at the bottom of the hill? (No numerical 
answer is needed here.) 

5. Before a run, you eat an apple with 1,000,000 Joules of binding energy. 

(a) 550,000 Joules of binding energy are wasted during digestion. How much remains? 

(b) Some 95% of the remaining energy is used for the basic processes in your body (which is why 
you can warm a bed at night!). How much is available for running? 

(c) Let's say that, when you run, you lose 25% of your energy overcoming friction and air resistance. 
How much is available for conversion to kinetic energy? 

(d) Let's say your mass is 75 kg. What could be your top speed under these idealized circumstances? 

(e) But only 10% of the available energy goes to KE, another 50% goes into heat exhaust from your 
body. Now you come upon a hill if the remaining energy is converted to gravitational potential 
energy. How high do you climb before running out of energy completely? 

6. A car goes from rest to a speed of v in a time t. Sketch a schematic graph of kinetic energy vs. time. 
You do not need to label the axes with numbers. 

7. A 1200 kg> car traveling with a speed of 29 m/s drives horizontally off of a 90 m cliff. 

(a) Sketch the situation. 

(b) Calculate the potential energy, the kinetic energy, and the total energy of the car as it leaves 
the cliff. 

(c) Make a graph displaying the kinetic, gravitational potential, and total energy of the car at each 
10 m increment of height as it drops 

8. A roller coaster begins at rest 120 m above the ground at point A, as shown above. Assume no energy 
is lost from the coaster to frictional heating, air resistance, sound, or any other process. The radius 
of the loop is 40 m. 

(a) Find the speed of the roller coaster at points B, C, D, E, F, and H. 

(b) At point G the speed of the roller coaster is 22 m/s. How high off the ground is point G? 

9. A pendulum has a string with length 1.2 m. You hold it at an angle of 22 degrees to the vertical and 
release it. The pendulum bob has a mass of 2.0 kg. 
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Figure 2.5: Roller coaster for problem 8. 




Figure 2.6: Pendulum for problem 9. 



li 
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(a) What is the potential energy of the bob before it is released? (Hint: use geometry to determine 
the height when released.) 

(b) What is its speed when it passes through the midpoint of its swing? 

(c) Now the pendulum is transported to Mars, where the acceleration of gravity g is 2.3 m/s . 
Answer parts (a) and (b) again, but this time using the acceleration on Mars. 

10. On an unknown airless planet an astronaut drops a 4.0 kg ball from a 60 m ledge. The mass hits the 
bottom with a speed of 12 m/s. 

(a) What is the acceleration of gravity g on this planet? 

(b) The planet has a twin moon with exactly the same acceleration of gravity. The difference is that 
this moon has an atmosphere. In this case, when dropped from a ledge with the same height, 
the 4.0 kg ball hits bottom at the speed of 9 m/s. How much energy is lost to air resistance 
during the fall? 

11. A 1500 kg car starts at rest and speeds up to 3.0 m/s. 

(a) What is the gain in kinetic energy? 

(b) We define efficiency as the ratio of output energy (in this case kinetic energy) to input energy. 
If this car's efficiency is 0.30, how much input energy was provided by the gasoline? 

(c) If 0.15 gallons were used up in the process, what is the energy content of the gasoline in Joules 
per gallon? 

12. A pile driver's motor expends 310,000 Joules of energy to lift a 5400 kg mass. The motor is rated at 
an efficiency of 0.13 (see lib). How high is the mass lifted? 

Answers to Selected Problems 

l. d 

2. (discuss in class) 

3. a. 5.0 xlO 5 J 

(a) 3.7 xlO 5 J 

(b) Chemical bonds in the food. 

(a) 99 m/s 

4. a. 5.0 xlO 5 J 

(a) 108 m/s 

5. a. 450,000 J 

(a) 22,500 J 

(b) 5,625 J 

(a) 21.2 m/s 

(b) 9.18 m 

6. . 

7. b. KE = 504, 600 J; U g = 1, 058, 400 J; E total = 1, 563, 000 J 

8. a. 34 m/s at B; 28 m/s at D, 40 m/s at E, 49 m/s at C and F; m/s at H 

(a) 96 m 

9. a. 1.7 J 

(a) 1.3 m/s 

(b) 0.4 J, 0.63 m/s 
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10. a. 1.2 m/s 2 

(a) 130 J 

11. a. 6750 J 

(a) 2.25 x 10 5 J 

(b) 1.5 x 10 5 J/gallon of gas 

12. 12. 0.76 m 

Image Sources 

(1) Pendulum. CC BY NC SA. 

(2) Roller coaster. CC BY NC SA. 
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Chapter 3 



One-Dimensional Motion 
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3.1 The Big Idea 



One dimensional motion describes objects moving in straight lines. Speed is a scalar measure of how quickly 
an object is moving along this line Velocity is speed with a direction, making it a vector. If an object's 
velocity changes with time, the object is said to be accelerating. When restricted to one dimension, there 
are only two possible directions for the velocity and acceleration vectors to point in. As we'll see in the 
next chapters, understanding an object's acceleration is the key to understanding its motion. 



Key Definitions 



Scalars 



I A (anything) Final value - initial value 
Symbols < 

I anythingo Value at time 

t Time in seconds, s 

d = |Ajci| + |Ajt2| Distance (in meters, m) 

v = |v| Speed (in meters per second, m/s) 



Vectors 



x = x(t) 


Position 


Ax = Xf - Xi 


Displacement 


Vi 


Initial velocity 


v f 


Final velocity 


Av = Vf - V( 


Change in velocity 


a 


Instantaneous acceleration 
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Figure 3.1: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/2395 



Key Equations 

Averages 



The Big Three 



x(t) 



- ^ 

__ Av 



xq + vot + \at 



v(0 = vq + at 
Vf 2 = v 2 + 2a Ax 

Key Concepts 

• When beginning a one dimensional problem, define a positive direction. The other direction is then 
taken to be negative. Traditionally, "positive" is taken to mean "to the right"; however, any definition 
of direction used consistency throughout the problem will yield the right answer. 

• Be sure you understand the difference between average velocity (measured over a period of time) and 
instantaneous velocity (measured at a single moment in time). 




Figure 3.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1065 



Gravity near the Earth pulls an object toward the surface of the Earth with an acceleration of 
9.8 m/s (« 10 m/s ). In the absence of air resistance, all objects will fall with the same acceleration. 
Air resistance can cause low-mass, large area objects to accelerate more slowly. 
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Figure 3.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1066 

Deceleration is the term used when an object's speed is decreasing due to an acceleration in the 
opposite direction of its velocity. 

The Big Three equations define the graphs of position and velocity as a function of time. When 
there is no acceleration (constant velocity), position increases linearly with time - distance equals 
rate times time. Under constant acceleration, velocity increases linearly with time but distance does 
so at a quadratic rate. The slopes of the position and velocity graphs will give instantaneous velocity 
and acceleration, respectively. 




Figure 3.4: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1067 




Figure 3.5: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1068 

At first, you might get frustrated trying to figure out which of the Big Three equations to use for 
a certain problem, but don't worry, this comes with practice. Making a table that identifies the 
variables given in the problem and the variables you are looking for can sometimes help. 



One-Dimensional Motion Problem Set 

1. Answer the following questions about one-dimensional motion. 
www.ckl2.org 16 




Video 



Figure 3.6: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1069 




Figure 3.7: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1070 




Video 



Figure 3.8: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1071 




Figure 3.9: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2396 
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Figure 3.10: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2397 

(a) What is the difference between distance d and displacement Ax Write a few sentences explaining 
this. 

(b) Does the odometer reading in a car measure distance or displacement? 

(c) Imagine a fox darting around in the woods for several hours. Can the displacement Ax of the 
fox from his initial position ever be larger than the total distance d he traveled? Explain. 

(d) What is the difference between acceleration and velocity? Write a paragraph that would make 
sense to a 5 th grader. 

(e) Give an example of a situation where an object has an upward velocity, but a downward accel- 
eration. 

(f) What is the difference between average and instantaneous velocity? Make up an example in- 
volving a trip in a car that demonstrates your point. 

(g) If the position of an object is increasing linearly with time (i.e., Ax is proportional to t), what 
can we say about its acceleration? Explain your thinking. 

(h) If the position of an object is increasing non-linearly with time (i.e., Ax is not proportional to 
t), what can we say about its velocity? Explain your thinking. 

2. A cop passes you on the highway. Which of the following statements must be true at the instant he 
is passing you? You may choose more than one answer. 

(a) Your speed and his speed are the same. 

(b) Your position x along the highway is the same as his position x along the highway. 

(c) Your acceleration and his acceleration are the same. 

3. If a car is slowing down from 50 MPH to 40 MPH, but the x position is increasing, which of the 
following statements is true? You may choose more than one. 

(a) The velocity of the car is in the -\-x direction. 

(b) The acceleration of the car is in the same direction as the velocity. 

(c) The acceleration of the car is in the opposite direction of the velocity. 

(d) The acceleration of the car is in the —x direction. 

4. A horse is galloping forward with an acceleration of 3 m/s . Which of the following statements is 
necessarily true? You may choose more than one. 

(a) The horse is increasing its speed by 3 m/s every second, from m/s to 3 m/s to 6 m/s to 9 m/s. 

(b) The speed of the horse will triple every second, from m/s to 3 m/s to 9 m/s to 27 m/s. 

(c) Starting from rest, the horse will cover 3 m of ground in the first second. 

(d) Starting from rest, the horse will cover 1.5 m of ground in the first second. 

5. Below are images from a race between Ashaan (above) and Zyan (below), two daring racecar drivers. 
High speed cameras took four pictures in rapid succession. The first picture shows the positions of 
the cars at t = 0.0. Each car image to the right represents times 0.1, 0.2, and 0.3 seconds later. 
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(a) Who is ahead at t = 0.2 s ? Explain. 

(b) Who is accelerating? Explain. 

(c) Who is going fastest at t = 0.3 s? Explain. 

(d) Which car has a constant velocity throughout? Explain. 

(e) Graph x vs. t and v vs. t. Put both cars on same graph; label which line is which car. 

(f) Which car is going faster at t = 0.2 s (Hint: Assume they travel the same distance between 0.1 
and 0.2 seconds)? 




Figure 3.11: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1074 

6. In the picture below, a ball starting at rest rolls down a ramp, goes along at the bottom, and then 
back up a smaller ramp. Ignore friction and air resistance. Sketch the vertical position vs. time 
and vertical speed vs. time graphs that accurately describe this motion. Label your graphs with the 
times indicated in the picture. 

v =0 




t=0s t=3s t=4s 

t = 6s 

7. Draw the position vs. time graph that corresponds to the velocity vs. time graph below. You may 

assume a starting position xo = 0. Label both axes of your graph with appropriate values. 

Velocity 
2 m/s 



-3 m/s 



4- 



10 Time(s) 



8. Two cars are heading right towards each other, but are 12 km apart. One car is going 70 km/hr and 
the other is going 50 km/hr. How much time do they have before they collide head on? 

9. The following data represent the first 30 seconds of actor Crispin Glover's drive to work. { 

10. Sketchy LeBaron, a used car salesman, claims his car is able to go from to 60 mi/hr in 3.5 seconds. 
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(a) What is the average acceleration of this car? Give your answer in m/s . (Hint: you will have 
to perform a conversion.) 

(b) How much distance does this car cover in these 3.5 seconds? Express your answer twice: in 
meters and in feet. 

(c) What is the speed of the car in mi/hr after 2 seconds? 

11. Michael Jordan had a vertical jump of about 48 inches. 

(a) Convert this height into meters. 

(b) Assuming no air resistance, at what speed did he leave the ground? 

(c) What is his speed 3/4 of the way up? 

(d) What is his speed just before he hits the ground on the way down? 



Video 



Figure 3.12: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1075 

12. You are sitting on your bike at rest. Your brother comes running at you from behind at a speed of 2 
m/s. At the exact moment he passes you, you start up on your bike with an acceleration of 2 m/s . 

(a) Draw a picture of the situation, defining the starting positions, speeds, etc. 

(b) At what time t do you have the same speed as your brother? 

(c) At what time t do you pass your brother? 

(d) Draw another picture of the exact moment you catch your brother. Label the drawing with the 
positions and speeds at that moment. 

(e) Sketch a position vs. time graph for both you and your brother, labeling the important points 
{i.e., starting point, when you catch him, etc.) 

(f) Sketch a speed vs. time graph for both you and your brother, labeling the important points 
{i.e., starting point, when you catch him, etc.) 




13. You are standing at the foot of the Bank of America building in San Francisco, which is 52 floors 
(237 m) high. You launch a ball straight up in the air from the edge of the foot of the building. The 
initial vertical speed is 70 m/s. (For this problem, you may ignore your own height, which is very 
small compared to the height of the building.) 

(a) How high up does the ball go? 
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(b) How fast is the ball going right before it hits the top of the building? 

(c) For how many seconds total is the ball in the air? 

14. Measure how high you can jump vertically on Earth. Then, figure out how high you would be able 
to jump on the Moon, where acceleration due to gravity is 1/Q th that of Earth. Assume you launch 
upwards with the same speed on the Moon as you do on the Earth. 

15. A car is smashed into a wall during Weaverville's July 4 th Destruction Derby. The car is going 25 m/s 
just before it strikes the wall. It comes to a stop 0.8 seconds later. What is the average acceleration 
of the car during the collision? 




16. A helicopter is traveling with a velocity of 12 m/s directly upward. Directly below the helicopter is a 
very large and very soft pillow. As it turns out, this is a good thing, because the helicopter is lifting 
a large man. When the man is 20 m above the pillow, he lets go of the rope. 

(a) What is the speed of the man just before he lands on the pillow? 

(b) How long is he in the air after he lets go? 

(c) What is the greatest height reached by the man above the ground? (Hint: this should be greater 
than 20 m. Why?) 

(d) What is the distance between the helicopter and the man three seconds after he lets go of the 
rope? 

17. You are speeding towards a brick wall at a speed of 55 MPH. The brick wall is only 100 feet away. 

(a) What is your speed in m/s? 

(b) What is the distance to the wall in meters? 

(c) What is the minimum acceleration you should use to avoid hitting the wall? 

18. What acceleration should you use to increase your speed from 10 m/s to 18 m/s over a distance of 
55 m? 

19. You drop a rock from the top of a cliff. The rock takes 3.5 seconds to reach the bottom. 

(a) What is the initial speed of the rock? 

(b) What is the magnitude (i.e., numerical value) of the acceleration of the rock at the moment it 
is dropped? 

(c) What is the magnitude of the acceleration of the rock when it is half-way down the cliff? 

(d) What is the height of the cliff? 

Use the following tables for use with the next problem. 
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Table 3.1: A 



0.0 s 5 m .5 m/s 

1.0 s 5.65 m .8 m/s 

2.0 s 6.6 m 1.1 m/s 

3.0 s 

4.0 s 

5.0 s 

6.0 s 

7.0 s 

8.0 s 

9.0 s 

10.0 s 



Table 3.2: B 



17.1 m 



31.4 m 



2.6 m/s 



3.14 m/s 



5.41 m/s 



20. An owl is flying along above your farm with positions and velocities given by the formulas 
x(t) = 5.0 + 0.5;+ (l/2)(0.3> 2 ; 



where t is in seconds and x is in meters from the barn; 



v(t) = 0.5 + (0.3)/ where v is m/s 



(a) What is the acceleration of the owl? 

(b) What is the speed of the owl at t = 0? 

(c) Fill in the missing elements of Table 3.1. 

(d) Plot the x and t points on the following graph. Then, connect your points with a smoothly 
curving line. Be careful and neat and use pencil. 
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32 m- 



2 m-- 



+ 



4- 



1 s 



10s 



(f) Use the formula to calculate the speed of the owl in m/s at t = 5 seconds. 

(g) Lightly draw in a tangent to your curve at the t = 5 s point. Then, measure the slope of this 
tangent by measuring the rise (in meters) and the run (in seconds). What is the slope in m/s? 

(h) Were your answers to the last two parts the same? If so, why? If not, why not? 
(i) Fill in Table 3.2. This is going to be harder to do, because you are given x or v and are expected 
to find t. You may have to use the quadratic formula! 

21. For each of the following graphs, write a few sentences about what kind of motions were made. Try 
to use the words we have defined in class (speed, velocity, position, acceleration) in your description. 

(a) 



(b) 



(d) 




Answers to Selected Problems 



i. 

2. 
3. 

4. 
5. 



a. Zyan b. Ashaan is accelerating because the distance he travels every 0.1 seconds is increasing, so 
the speed must be increasing 
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c. Ashaan 

d. Zyan 

f. Ashaan 

6. . 

7. . 

8. 6 minutes 

9. d. 20 meters e. 40 meters 

f. 2.67 m/s 

g. 6 m/s 

h. Between t — 15 s and t = 20 sec because your position goes from x = 30 m to x = 20m. 
i. You made some sort of turn 

10. a. 7.7 m/s 2 b. 47 m, 150 feet 
c. 34 m/s 

11. a. 1.22 m b. 4.9 m/s 

c. 2.46 m/s 

d. -4.9 m/s 

12. b. 1 second c. at 2 seconds d. 4 m 

13. a. 250 m b. 13 m/s, -13 m/s 
c. 14 s for round trip 

14. Let's say we can jump 20 feet (6.1 m) in the air. Then, on the moon, we can jump 36.5 m straight 
up. 

15. -31m/s 2 

16. 23 m/s b. 3.6 seconds (3.5 seconds if using 10 m/s ) c. 28 m (27 m if using 10 m/s ) d. 45 m 




Figure 3.13: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2398 



17. 

18. 25 m/s b. 30 m 
c. 2.5 m/s 

19. 2 m/s 2 

20. a. v = Ob. 10 m/s 2 

c. -10 m/s 2 

d. 60 m 

21. a. 0.3m/s 2 b. 0.5 m/s 
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Chapter 4 

Two-Dimensional and 
Projectile Motion 



TWO Dldl 



MIOMIU mOTIOH 



4.1 The Big Idea 



In this chapter, we aim to understand and explain the parabolic motion of a thrown object, known as 
projectile motion. We can break down any initial velocity vector into its vertical and horizontal components. 
Motion in one direction is unrelated to motion in perpendicular directions, so we can treat the individual 
components as separate one-dimensional motion problems using all the equations from the last chapter. 
Once the object has been thrown, the only acceleration is from gravity, in the vertical direction. The 
horizontal component of velocity remains unchanged (ignoring air resistance) throughout the flight. 




Figure 4.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1076 
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Key Equations 

Vertical Direction 



Vy(t) 



= Upward 

= yo + v / - ^ 2 

= VOy - gf 

= vpy 2 - 2g{Ay) 
= -9.8m/s 2 



Horizontal Direction 



x[t) = x + v 0x ^ 
a x = 



TVote; the initial velocity vo can be separated into vo x = vo cos and vo y 
between the velocity vector and the horizontal. 

Key Concepts 



vq sin 6, where 6 is the angle 



In projectile motion, the horizontal displacement of an object from its starting point is called its 
range. 

Vertical speed is zero only at the highest point of a thrown object's flight. 

To work these problems, separate the "Big Three" equations into two sets: one for the vertical 
direction, and one for the horizontal. Keep them separate. 

The only variable that can go into both sets of equations is time. You use time to communicate 
between the two directions. 

Since in the absence of air resistance there is no acceleration in the horizontal direction, this com- 
ponent of velocity does not change over time. This is a counter-intuitive notion for many. (Air 
resistance will cause velocity to decrease slightly or significantly depending on the object. But this 
factor is ignored for the time being.) 




Figure 4.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1077 
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Motion in the vertical direction must include the acceleration due to gravity, and therefore the velocity 
in the vertical direction changes over time. 

The shape of the path of an object undergoing projectile motion in two dimensions is a parabola. 

We will ignore air resistance in this chapter. Air resistance will tend to shorten the range of the 
projectile motion by virtue of producing an acceleration opposite to the direction of motion. 




Figure 4.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1078 

Two-Dimensional and Projectile Motion Problem Set 

Draw detailed pictures for each problem (putting in all the data, such as initial velocity, time, etc.), and 
write down your questions when you get stuck. 



1. Determine which of the following is in projectile motion. Remember that "projectile motion" means 
that gravity is the only means of acceleration for the object. 

(a) A jet airplane during takeoff. 

(b) A baseball during a Barry Bonds home run. 

(c) A spacecraft just after all the rockets turn off in Earth orbit. 

(d) A basketball thrown towards a basket. 

(e) A bullet shot out of a gun. 

(f) An inter-continental ballistic missile. 

(g) A package dropped out of an airplane as it ascends upward with constant speed. 

2. Decide if each of the statements below is True or False. Then, explain your reasoning. 

(a) At a projectile's highest point, its velocity is zero. 

(b) At a projectile's highest point, its acceleration is zero. 

(c) The rate of change of the x position is changing with time along the projectile path. 

(d) The rate of change of the y position is changing with time along the projectile path. 

(e) Suppose that after 2 s, an object has traveled 2 m in the horizontal direction. If the object is in 
projectile motion, it must travel 2 m in the vertical direction as well. 

(f) Suppose a hunter fires his gun. Suppose as well that as the bullet flies out horizontally and 
undergoes projectile motion, the shell for the bullet falls directly downward. Then, the shell 
hits the ground before the bullet. 

3. Imagine the path of a soccer ball in projectile motion. Which of the following is true at the highest 
point in its flight? 

(a) v x = 0, v y = 0, a x = 0, a y = 0. 
0, a x = 0, a y = 0. 
- 0, a x = 0, a y = -9.8 m/s . 



(b) v x >0,v y - 

(c) v x = 0, Vy 
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(d) v x > 0, v y = 0, a x = 0, a y = -9.8 m/s . 

(e) v x = 0,v y = 0, 0* = 0, ^ = -9.8 m/s . 

4. A hunter with an air blaster gun is preparing to shoot at a monkey hanging from a tree. He is 
pointing his gun directly at the monkey. The monkey's got to think quickly! What is the monkey's 
best chance to avoid being smacked by the rubber ball? 

(a) The monkey should stay right where he is: the bullet will pass beneath him due to gravity. 

(b) The monkey should let go when the hunter fires. Since the gun is pointing right at him, he can 
avoid getting hit by falling to the ground. 

(c) The monkey should stay right where he is: the bullet will sail above him since its vertical velocity 
increases by 9.8 m/s every second of flight. 

(d) The monkey should let go when the hunter fires. He will fall faster than the bullet due to his 
greater mass, and it will fly over his head. 

5. You are riding your bike in a straight line with a speed of 10 m/s. You accidentally drop your 
calculator out of your backpack from a height of 2.0 m above the ground. When it hits the ground, 
where is the calculator in relation to the position of your backpack? (Neglect air resistance.) 

(a) You and your backpack are 6.3 m ahead of the calculator. 

(b) You and your backpack are directly above the calculator. 

(c) You and your backpack are 6.3 m behind the calculator. 

(d) None of the above. 

6. A ball of mass m is moving horizontally with speed vo off a cliff of height ft, as shown. How much 
time does it take the rock to travel from the edge of the cliff to the ground? 



V 



(a 

(b) A. 

v J v 

(c) h -f 

2/i 



hv . 



(d) 
(e) 
7. Find the missing legs or angles of the triangles shown. 

(a) 




12m 



(b) 



14m 




12 m 




V =? 
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(d) 



V = 8 m/s 




V = 1 2 m/s 



Draw in the x— and y-velocity components for each dot along the path of the cannonball. The first 
one is done for you. 




9. A stone is thrown horizontally at a speed of 8.0 m/s from the edge of a cliff 80 m in height. How far 
from the base of the cliff will the stone strike the ground? 

10. A toy truck moves off the edge of a table that is 1.25 m high and lands 0.40 m from the base of the 
table. 

(a) How much time passed between the moment the car left the table and the moment it hit the 
floor? 

(b) What was the horizontal velocity of the car when it hit the ground? 

11. A hawk in level flight 135 m above the ground drops the fish it caught. If the hawk's horizontal speed 
is 20.0 m/s, how far ahead of the drop point will the fish land? 

12. A pistol is fired horizontally toward a target 120 m away, but at the same height. The bullet's velocity 
is 200 m/s. How long does it take the bullet to get to the target? How far below the target does the 
bullet hit? 

13. A bird, traveling at 20 m/s, wants to hit a waiter 10 m below with his dropping (see image). In order 
to hit the waiter, the bird must release his dropping some distance before he is directly overhead. 
What is this distance? 

20 m/s 
► 



10m 




14. Joe Nedney of the San Francisco 49ers kicked a field goal with an initial velocity of 20 m/s at an 
angle of 60°. 

(a) How long is the ball in the air? Hint: you may assume that the ball lands at same height as it 
starts at. 

(b) What are the range and maximum height of the ball? 

15. A racquetball thrown from the ground at an angle of 45° and with a speed of 22.5 m/s lands exactly 
2.5 s later on the top of a nearby building. Calculate the horizontal distance it traveled and the 
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Figure 4.4: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/1079 



height of the building. 

16. Donovan McNabb throws a football. He throws it with an initial velocity of 30 m/s at an angle of 
25°. How much time passes until the ball travels 35 m horizontally? What is the height of the ball 
after 0.5 seconds? (Assume that, when thrown, the ball is 2 m above the ground.) 

17. Pablo Sandoval throws a baseball with a horizontal component of velocity of 25 m/s. After 2 seconds, 
the ball is 40 m above the release point. Calculate the horizontal distance it has traveled by this 
time, its initial vertical component of velocity, and its initial angle of projection. Also, is the ball on 
the way up or the way down at this moment in time? 

18. Barry Bonds hits a 125 m(450 / ) home run that lands in the stands at an altitude 30 m above its 
starting altitude. Assuming that the ball left the bat at an angle of 45° from the horizontal, calculate 
how long the ball was in the air. 

19. A golfer can drive a ball with an initial speed of 40.0 m/s. If the tee and the green are separated by 
100 m, but are on the same level, at what angle should the ball be driven? (Hint: you should use 
2 cos (x) sin (jc) = sin (2x) at some point.) 

20. How long will it take a bullet fired from a cliff at an initial velocity of 700 m/s, at an angle 30° below 
the horizontal, to reach the ground 200 m below? 

21. A diver in Hawaii is jumping off a cliff 45 m high, but she notices that there is an outcropping of 
rocks 7 m out at the base. So, she must clear a horizontal distance of 7 m during the dive in order 
to survive. Assuming the diver jumps horizontally, what is his/her minimum push-off speed? 

22. If Monte Ellis can jump 1.0 m high on Earth, how high can he jump on the moon assuming same 
initial velocity that he had on Earth (where gravity is 1/6 that of Earth's gravity)? 

23. James Bond is trying to jump from a helicopter into a speeding Corvette to capture the bad guy. The 
car is going 30.0 m/s and the helicopter is flying completely horizontally at 100 m/s. The helicopter 
is 120 m above the car and 440 m behind the car. How long must James Bond wait to jump in order 
to safely make it into the car? 



100 m/s 




120 m 



440 m 
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24. A field goal kicker lines up to kick a 44 yard (40 m) field goal. He kicks it with an initial velocity of 
22 m/s at an angle of 55°. The field goal posts are 3 meters high. 

(a) Does he make the field goal? 

(b) What is the ball's velocity and direction of motion just as it reaches the field goal post {i.e., 
after it has traveled 40 m in the horizontal direction)? 

25. In a football game a punter kicks the ball a horizontal distance of 43 yards (39 m). On TV, they 
track the hang time, which reads 3.9 seconds. From this information, calculate the angle and speed 
at which the ball was kicked. (Note for non-football watchers: the projectile starts and lands at the 
same height. It goes 43 yards horizontally in a time of 3.9 seconds) 

Answers to Selected Problems 

l. 

2. 
3. 
4. 
5. 
6. 

7. a. 13 mb. 41 degrees 

c. v y = 26 m/s; v x = 45 m/s 

d. 56 degrees, 14 m/s 

8. . 

9. 32 m 

10. a. 0.5 sb. 0.8 m/s 

11. 104 m 

12. t = 0.60 s, 1.8 m below target 

13. 28 m. 

14. a. 3.5 s. b. 35 m; 15 m 

15. 40 m;8.5 m 

16. 1.3 seconds, 7.1 meters 

17. 50 m; vo y = 30 m/s; 50°; on the way up 

18. 4.4 s 

19. 19° 

20. 0.5 s 

21. 2.3 m/s 

22. 6 m 

23. 1.4 seconds 

24. a. yes b. 14 m/s @ 23 degrees from horizontal 

25. 22 m/s @ 62 degrees 
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Chapter 5 



Newton's Laws 




5.1 The Big Idea 



Applied forces may cause objects to accelerate. All forces come in pairs because they arise in the interaction 
of two objects — you can't push without being pushed back! The more force applied, the greater the 
acceleration that is produced. Objects with high masses are difficult to accelerate without a large force. 
In the absence of applied forces, objects move in a straight line at a constant speed (or remain at rest). In 
formal language: 

Newton's First Law Every body continues in its state of rest, or of uniform motion in a 
right (straight) line, unless it is compelled to change that state by forces impressed upon 
it. 

Newton's Second Law The change of motion is proportional to the motive force impressed; 

and is made in the direction of the right (straight) line in which that force is impressed. 
Newton's Third Law To every action there is always opposed an equal reaction: or, the 

mutual actions of two bodies upon each other are always equal, and directed to contrary 

parts. 



(Taken from the Principia in modern English, Isaac Newton, University of California Press, 1934). 

Understanding motion comes in two stages. The first stage you've already seen: you can figure out where 
something will go, and how fast it will get there, if you know its acceleration. The second stage is much 
more interesting: where did the acceleration come from? How can you predict the amount of acceleration? 
Mastering both stages is the key to understanding motion. 
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Key Concepts 

• An object will not change its state of motion (i.e., accelerate) unless an unbalanced force acts on it. 
Equal and oppositely directed forces do not produce acceleration. 

• If no unbalanced force acts on an object the object remains at constant velocity or at rest. 

• The force of gravity is called weight and equals mg, where g is the acceleration due to gravity of the 
planet (g = 9.8 m/s , downward, on Earth). 

• Your mass does not change when you move to other planets, because mass is a measure of how much 
matter your body contains, and not how much gravitational force you feel. 

• A free body diagram (FBD) is a diagram that shows all the forces acting on an object. It is essential 
to draw this diagram before attempting to answer a question or solve a problem. If the FBD is drawn 
correctly then solving the problem is made easy. 




Figure 5.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2399 



For incline planes, it is often convenient to rotate the axis such that the x-direction points down the 
incline and the y-direction points perpendicular to the surface. This will make the math easier to 
work with as there will be less vectors to break into components. 




Video 



Figure 5.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1082 



To calculate the net force on an object, you need to calculate all the individual forces acting on the 
object and then add them as vectors. This requires some mathematical skill. 
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Figure 5.3: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/1080 



Video 



Figure 5.4: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1081 




Figure 5.5: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/1083 
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Air resistance is generally not considered in this chapter, however it is important when an object is 
moving at high speeds through an atmosphere and is generally proportional to the velocity or the 
velocity squared for slow or fast speeds, respectively. 



Newton's 3 rd Law states for every force there is an equal but opposite reaction force. To distinguish 
a third law pair from merely oppositely directed pairs is difficult, but very important. Third law 
pairs must obey three rules: (1) Third law force pairs must be of the same type of force. (2) Third 
law force pairs are exerted on two different objects. (3) Third law force pairs are equal in magnitude 
and oppositely directed. Example: A block sits on a table. The Earth's gravity on the block and 
the force of the table on the block are equal and opposite. But these are not third law pairs, 
because they are both on the same object and the forces are of different types. The proper third law 
pairs are: (1) earth's gravity on block/block's gravity on earth and (2) table pushes on block/ block 
pushes on table. 

If you're asked to evaluate a vector, you may state the x and y components of the vector, or a 
magnitude and an angle with respect to the horizontal. 



Key Equations 

Acceleration depends on force and mass: 



1 net 

m 



Common Forces 



F g = mg 

F N 
Fj 



sp 



-kAx 



Gravity 

Normal force: acts perpendicular to surfaces 
Force of tension in strings and wires 
Force of springAxfrom equilibrium 



Force Sums 



net 



= YiiFi = ma 



Net force is the vector sum of all the forces 
^net,* = Yii Fix = ma x Horizontal components add also 
Fnetj = Z* Fi y = ma y As do vertical ones 



Static and Kinetic Friction' 



Ifs < Hs\Fn\ Opposes potential motion of surfaces in contact 
\fk = l*kWN\ Opposes motion of surfaces in contact 



Ultimately, many of these "contact" forces are due to attractive and repulsive electromagnetic forces 
between atoms in materials. 

Problem Solving for Newton's Laws, Step-By-Step 

1. Figure out which object is "of interest." 

(a) If you're looking for the motion of a rolling cart, the cart is the object of interest. 

(b) If the object of interest is not moving, that's OK, don't panic yet. 

(c) Draw a sketch! This may help you sort out which object is which in your problem. 

2. Identify all the forces acting on the object and draw them on object. (This is a free-body diagram 
-FBD) 
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Figure 5.6: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1084 

(a) If the object has mass and is near the Earth, the easiest (and therefore, first) force to write 
down is the force of gravity, pointing downward, with value mg. 

(b) If the object is in contact with a flat surface, it means there is a normal force acting on the 
object. This normal force points away from and is perpendicular to the surface. 

(c) There may be more than one normal force acting on an object. For instance, if you have a 
bologna sandwich, remember that the slice of bologna feels normal forces from both the slices 
of bread! 

(d) If a rope, wire, or cord is pulling on the object in question, you've found yourself a tension force. 
The direction of this force is in the same direction that the rope is pulling. 

(e) Don't worry about any forces acting on other objects. For instance, if you have a bologna 
sandwich as your object of interest, and you're thinking about the forces acting on the slice of 
bologna, don't worry about the force of gravity acting on either piece of bread. 

(f) Remember that Newton's 3 rd Law, calling for "equal and opposite forces," does not apply to 
a single object. None of your forces should be "equal and opposite" on the same object in the 
sense of Newton's 3 rd Law. Third law pairs act on two different objects. 

(g) Recall that scales (like a bathroom scale you weigh yourself on) read out the normal force acting 
on you, not your weight. If you are at rest on the scale, the normal force equals your weight. 
If you are accelerating up or down, the normal force had better be higher or lower than your 
weight, or you won't have an unbalanced force to accelerate you. 

(h) Never include "ma" as a force acting on an object, "ma" is the result for which the net force 
F net is the cause. 

3. Identify which forces are in the x- direction, which are in they- direction, and which are at an angle. 

(a) If a force is upward, make it in the y-direction and give it a positive sign. If it is downward, 
make it in the y-direction and give it a negative sign. 

(b) Same thing applies for right vs. left in the x-direction. Make rightward forces positive. 

(c) If forces are at an angle, draw them at an angle. A great example is that when a dog on a leash 
runs ahead, pulling you along, it's pulling both forward and down on your hand. 

(d) Draw the free body diagram (FBD). 

(e) Remember that the FBD is supposed to be helping you with your problem. For instance, if you 
forget a force, it'll be really obvious on your FBD. 

4. Break the forces that are at angles into their x and y components 

(a) Use right triangle trigonometry 

(b) Remember that these components aren't new forces, but are just what makes up the forces 
you've already identified. 

(c) Consider making a second FBD to do this component work, so that your first FBD doesn't get 
too messy. 

5. Add up all the x- forces and x- components. 
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(a) Remember that all the rightward forces add with a plus (+) sign, and that all the leftward forces 
add with a minus (-) sign. 

(b) Don't forget about the x-components of any forces that are at an angle! 

(c) When you've added them all up, call this "the sum of all x forces" or "the net force in the 
x-direction." 

6. Add up all the y-forces and y- components. 

(a) Remember that all the upward forces add with a (+) sign, all the downward forces add with a 
(-) sign. 

(b) Don't forget about the y-components of any forces that are at an angle! 

(c) When you've added them all up, call this "the sum of all y forces" or "net force in the y-direction." 

7. Use Newton's Laws twice. 

(a) The sum of all x-forces, divided by the mass, is the object's acceleration in the x-direction. 

(b) The sum of all y-forces, divided by the mass, is the object's acceleration in the y-direction. 

(c) If you happen to know that the acceleration in the x-direction or y-direction is zero (say the 
object is just sitting on a table), then you can plug this in to Newton's 2 nd Law directly. 

(d) If you happen to know the acceleration, you can plug this in directly too. 

8. Each body should have a FBD. 

(a) Draw a separate FBD for each body. 

(b) Set up a sum of forces equation based on the FBD for each body. 

(c) Newton's Third Law will tell you which forces on different bodies are the same in magnitude. 

(d) Your equations should equal your unknown variables at this point. 




Figure 5.7: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1085 



Newton's Laws Problem Set 

1. A VW Bug hits a huge truck head-on. Each vehicle was initially going 50 MPH. 

(a) Which vehicle experiences the greater force? 

(b) Which experiences the greater acceleration? 

2. Is it possible for me to wave my hand and keep the rest of my body perfectly still? Why or why not? 

3. How does a rocket accelerate in space, where there is nothing to 'push off' against? 

4. Is there a net force on a hammer when you hold it steady above the ground? If you let the hammer 
drop, what's the net force on the hammer while it is falling to the ground? 

5. If an object is moving at constant velocity or at rest, what is the minimum number of forces acting 
on it (other than zero)? 

6. If an object is accelerating, what is the minimum number of forces acting on it? 
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7. You are standing on a bathroom scale. Can you reduce your weight by pulling up on your shoes? 
(Try it.) 

8. When pulling a paper towel from a paper towel roll, why is a quick jerk more effective than a slow 
pull? 

9. You and your friend are standing on identical skateboards with an industrial-strength compressed 
spring in between you. After the spring is released, it falls straight to the ground and the two of you 
fly apart. 

(a) If you have identical masses, who travels farther? 

(b) If your friend has a bigger mass who goes farther? 

(c) If your friend has a bigger mass who feels the larger force? 

(d) If you guys have identical masses, even if you push on the spring, why isn't it possible to go 
further than your friend? 

10. Explain the normal force in terms of the microscopic forces between molecules in a surface. 

11. A stone with a mass of 10 kg is sitting on the ground, not moving. 

(a) What is the weight of the stone? 

(b) What is the normal force acting on the stone? 

12. The stone from the last question is now being pulled horizontally along the ground at constant speed 
in the positive x direction. Is there a net force on the stone? 

13. A spring with spring constant k = 400 N/m has an uncompressed length of 0.23 m. When fully 
compressed, it has a length of 0.15 m. What force is required to fully compress the spring? 

14. Measuring velocity is hard: for instance, can you tell how fast you're going around the Sun right 
now? Measuring acceleration is comparatively easy — you can feel accelerations. Here's a clever 
way to determine your acceleration. As you accelerate your car on a flat stretch, you notice that the 
fuzzy dice hanging from your rearview mirror are no longer hanging straight up and down. In fact, 
they are making a 30° angle with respect to the vertical. What is your acceleration? (Hint: Draw a 
FBD. Consider both x and y equations.) 

15. Draw free body diagrams (FBDs) for all of the following objects involved (in bold) and label all 
the forces appropriately. Make sure the lengths of the vectors in your FBDs are proportional to the 
strength of the force: smaller forces get shorter arrows! 

(a) A man stands in an elevator that is accelerating upward at 2 m/s . 

(b) A boy is dragging a sled at a constant speed. The boy is pulling the sled with a rope at a 30° 
angle. 

(c) Your foot presses against the ground as you walk. 

(d) The picture shown here is attached to the ceiling by three wires. 
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16. Analyze the situation shown here with a big kid pulling a little kid in a wagon. You'll notice that 
there are a lot of different forces acting on the system. Let's think about what happens the moment 
the sled begins to move. 




(a) First, draw the free body diagram of the big kid. Include all the forces you can think of, including 
friction. Then do the same for the little kid. 

(b) Identify all third law pairs. Decide which forces act on the two body system and which are 
extraneous. 

(c) Explain what conditions would make it possible for the two-body system to move forward. 

17. Break the force vector F on the right into its x and y components, F x and F y . 




25 N 



+* x 



18. For both figures below, find the net force and its direction {i.e., the magnitude of F 
the angle it makes with the x-axis). Draw in F. 



^L 



F\ + F2 and 




19. Andreas and Kaya are pulling a wagon. Andreas is pulling with a force of 50 N towards the northeast. 
Kaya is pulling with a force of 50 N towards the southeast. The wagon has a mass of 23 kg. What 
is the acceleration and direction of motion of the wagon? 

20. Laura and Alan are pulling a wagon. Laura is pulling with a force of 50 N towards the northeast. 
Alan is pulling with a force of 50 N directly east. The wagon has a mass of 23 kg. What is the 
acceleration and direction of motion of the wagon? 

21. When the 20 kg box to the right is pulled with a force of 100 N, it just starts to move (i.e., the 
maximum value of static friction is overcome with a force of 100 N). What is the value of the 
coefficient of static friction, /i^? 
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22. A different box, this time 5 kg in mass, is being pulled with a force of 20 N and is sliding with an 
acceleration of 2 m/s . Find the coefficient of kinetic friction, jjk- 




23. The man is hanging from a rope wrapped around a pulley and attached to both of his shoulders. 
The pulley is fixed to the wall. The rope is designed to hold 500 N of weight; at higher tension, it 
will break. Let's say he has a mass of 80 kg. Draw a free body diagram and explain (using Newton's 
Laws) whether or not the rope will break. 




24. Now the man ties one end of the rope to the ground and is held up by the other. Does the rope 
break in this situation? What precisely is the difference between this problem and the one before? 
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25. For a boy who weighs 500 N on Earth what are his mass and weight on the moon (where g 
1.6 m/s )? 

26. A woman of mass 70.0 kg weighs herself in an elevator. 
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(a) If she wants to weigh less, should she weigh herself when accelerating upward or downward? 

(b) When the elevator is not accelerating, what does the scale read (i.e., what is the normal force 
that the scale exerts on the woman)? 

(c) When the elevator is accelerating upward at 2.00 m/s , what does the scale read? 

27. A crane is lowering a box of mass 50 kg with an acceleration of 2.0 m/s . 

(a) Find the tension Fj in the cable. 

(b) If the crane lowers the box at a constant speed, what is the tension Fj in the cable? 

28. The large box on the table is 30 kg and is connected via a rope and pulley to a smaller 10 kg box, 
which is hanging. The 10 kg mass is the highest mass you can hang without moving the box on the 
table. Find the coefficient of static friction jd$ . 




-*■ 



29. Find the mass of the painting. The tension in the leftmost rope is 7.2 N, in the middle rope it is 
16 N, and in the rightmost rope it is 16 N. 
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30. Find Brittany's acceleration down the frictionless waterslide in terms of her mass m, the angle 6 of 
the incline, and the acceleration of gravity g. 





31. The physics professor holds an eraser up against a wall by pushing it directly against the wall with 
a completely horizontal force of 20 N. The eraser has a mass of 0.5 kg. The wall has coefficients of 
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friction jis = 0.8 and jak = 0.6. 

(a) Draw a free body diagram for the eraser. 

(b) What is the normal force F^ acting on the eraser? 

(c) What is the frictional force F$ equal to? 

(d) What is the maximum mass m the eraser could have and still not fall down? 

(e) What would happen if the wall and eraser were both frictionless? 

32. A tractor of mass 580 kg accelerates up a 10° incline from rest to a speed of 10 m/s in 4 s. For all of 
answers below, provide a magnitude and a direction. 




(a) What net force F net has been applied to the tractor? 

(b) What is the normal force, F^ on the tractor? 

(c) What is the force of gravity F g on the tractor? 

(d) What force has been applied to the tractor so that it moves uphill? 

(e) What is the source of this force? 




33. A heavy box (mass 25 kg) is dragged along the floor by a kid at a 30° angle to the horizontal with a 
force of 80 N (which is the maximum force the kid can apply). 

(a) Draw the free body diagram. 

(b) What is the normal force F^l 

(c) Does the normal force decrease or increase as the angle of pull increases? Explain. 

(d) Assuming no friction, what is the acceleration of the box? 

(e) Assuming it begins at rest, what is its speed after ten seconds? 

(f) Is it possible for the kid to lift the box by pulling straight up on the rope? 

(g) In the absence of friction, what is the net force in the x-direction if the kid pulls at a 30°° angle? 
(h) In the absence of friction, what is the net force in the x-direction if the kid pulls at a 45° angle? 

(i) In the absence of friction, what is the net force in the x-direction if the kid pulls at a60° angle? 
(j) The kid pulls the box at constant velocity at an angle of 30°. What is the coefficient of kinetic 

friction jak between the box and the floor? 
(k) The kid pulls the box at an angle of 30°°, producing an acceleration of 2 m/s . What is the 

coefficient of kinetic friction jjk between the box and the floor? 

34. For the following situation, identify the 3 rd law force pairs on the associated free body diagrams. 
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Label each member of one pair "A, " each member of the next pair U B, " and so on. The spring is 
stretched so that it is pulling the block of wood to the right. 

Draw free body diagrams for the situation below. No- 





tice that we are pulling the bottom block out from beneath the top block. There is friction between 
the blocks! After you have drawn your FBDs, identify the 3 rd law force pairs, as above. 




o„ 



CL 



Cv 



35. Spinal implant problem 



this is a real life bio-med engineering problem! 

Here's the situation: both springs are compressed by 




an amount x . The rod of length L is fixed to both the top plate and the bottom plate. The two 
springs, each with spring constant /:, are wrapped around the rod on both sides of the middle plate, 
but are free to move because they are not attached to the rod or the plates. The middle plate has 
negligible mass, and is constrained in its motion by the compression forces of the top and bottom 
springs. The medical implementation of this device is to screw the top plate to one vertebrae and 
the middle plate to the vertebrae directly below. The bottom plate is suspended in space. Instead of 
fusing broken vertebrates together, this implant allows movement somewhat analogous to the natural 
movement of functioning vertebrae. Below you will do the exact calculations that an engineer did to 
get this device patented and available for use at hospitals. 

(a) Find the force, F, on the middle plate for the region of its movement Ax < x . Give your 
answer in terms of the constants given. (Hint: In this region both springs are providing opposite 
compression forces.) 

(b) Find the force, F, on the middle plate for the region of its movement Ax > x . Give your answer 
in terms of the constants given. (Hint: In this region, only one spring is in contact with the 
middle plate.) 

(c) Graph F vs. x. Label the values for force for the transition region in terms of the constants 
given. 

36. You design a mechanism for lifting boxes up an inclined plane by using a vertically hanging mass to 
pull them, as shown in the figure below. 
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The pulley at the top of the incline is massless and 



frictionless. The larger mass, M, is accelerating downward with a measured acceleration a. The 
smaller masses are m^ and m# ; the angle of the incline is 0, and the coefficient of kinetic friction 
between each of the masses and the incline has been measured and determined to be jak- 

(a) Draw free body diagrams for each of the three masses. 

(b) Calculate the magnitude of the frictional force on each of the smaller masses in terms of the 
given quantities. 

(c) Calculate the net force on the hanging mass in terms of the given quantities. 

(d) Calculate the magnitudes of the two tension forces Ta and 7# in terms of the given quantities. 

(e) Design and state a strategy for solving for how long it will take the larger mass to hit the ground, 
assuming at this moment it is at a height h above the ground. Do not attempt to solve this: 
simply state the strategy for solving it. 

37. You build a device for lifting objects, as shown below. A rope is attached to the ceiling and two 
masses are allowed to hang from it. The end of the rope passes around a pulley (right) where you 
can pull it downward to lift the two objects upward. The angles of the ropes, measured with respect 
to the vertical, are shown. Assume the bodies are at rest initially. 




(a) Suppose you are able to measure the masses m\ and m2 of the two hanging objects as well as 
the tension Tc- Do you then have enough information to determine the other two tensions, Ta 
and 7#? Explain your reasoning. 

(b) If you only knew the tensions Ta and 7c, would you have enough information to determine 
the masses mi and m2? If so, write mi and ni2 in terms of Ta and Tq> If not, what further 
information would you require? 




38. A stunt driver is approaching a cliff at very high speed. Sensors in his car have measured the 
acceleration and velocity of the car, as well as all forces acting on it, for various times. The driver's 
motion can be broken down into the following steps: Step 1: The driver, beginning at rest, accelerates 
his car on a horizontal road for ten seconds. Sensors show that there is a force in the direction of 
motion of 6000 N, but additional forces acting in the opposite direction with magnitude 1000 N. The 
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mass of the car is 1250 kg. 

Step 2: Approaching the cliff, the driver takes his foot off of the gas pedal (There is no further force 

in the direction of motion.) and brakes, increasing the force opposing motion from 1000 N to 2500 N. 

This continues for five seconds until he reaches the cliff. 

Step 3: The driver flies off the cliff, which is 44.1 m high and begins projectile motion. 

(a) Ignoring air resistance, how long is the stunt driver in the air? 

(b) For Step 1: 

i. Draw a free body diagram, naming all the forces on the car. 
ii. Calculate the magnitude of the net force, 
iii. Find the change in velocity over the stated time period. 

iv. Make a graph of velocity in the x-direction vs. time over the stated time period, 
v. Calculate the distance the driver covered in the stated time period. Do this by finding the 
area under the curve in your graph of (iv). Then, check your result by using the equations 
for kinematics. 

(c) Repeat (b) for Step 2. 

(d) Calculate the distance that the stunt driver should land from the bottom of the cliff. 

39. You are pulling open a stuck drawer, but since you're a physics geek you're pulling it open with an 

electronic device that measures force! You measure the following behavior. The drawer has a weight 

of 7N. 

Draw a graph of friction force vs. time. 
Force 



3.2 N- 



2.6 fi. 



time 



40. Draw arrows representing the forces acting on the cannonball as it flies through the air. Assume 
that air resistance is small compared to gravity, but not negligible. 



41. 



42. 



Jg» 



JE 




A tug of war erupts between you and your sweetie. Assume your mass is 60 kg and the coefficient 
of friction between your feet and the ground is 0.5 (good shoes). Your sweetie's mass is 85 kg and 
the coefficient of friction between his/her feet and the ground is 0.35 (socks). Who is going to win? 
Explain, making use of a calculation. 
A block has a little block hanging out to its side, as shown: 

As you know, if the situation is left like this, the little 




^CH= 



w^fj^fmmm f m mm \y*r\ 



block will just fall. But if we accelerate the leftmost block to the right, this will create a normal force 
between the little block and the big block, and if there is a coefficient of friction between them, then 
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the little block won't slide down! Clever, eh? 

(a) The mass of the little block is 0.15 kg. What frictional force is required to keep it from falling? 
(State a magnitude and direction.) 

(b) If both blocks are accelerating to the right with an acceleration a = 14.0 m/s , what is the 
normal force on the little block provided by the big block? 

(c) What is the minimum coefficient of static friction required? 

Answers to Selected Problems 

1. . 

2. . 

3. . 

4. Zero; weight of the hammer minus the air resistance. 

5. 2 forces 

6. 1 force 

7. No 

8. The towel's inertia resists the acceleration 

9. a. Same distance b. You go farther 
c. Same amount of force 

10. . 

11. a. 98 Nb. 98 N 

12. . 

13. 32 N 

14. 5.7 m/s 2 

15. . 

16. . 

17. F x = UN,F y = 20N 

18. Left picture: F = 23N 98°, right pictured = 54 N 5° 

19. 3 m/s east 

20. 4 m/s 2 ; 22.5° NE 

21. 0.51 

22. 0.2 

23. The rope will not break because his weight of 784 N is distributed between the two ropes. 

24. Yes, because his weight of 784 N is greater than what the rope can hold. 

25. Mass is 51 kg and weight is 82 N 

26. a. While accelerating down b. 686 N 
c. 826 N 

27. a. 390 Nb. 490 N 

28. 0.33 

29. 3.6 kg 

30. gsin# 

31. b.20 N c. 4.9 Nd. 1.63 kg 

e. Eraser would slip down the wall 
32. 

33. a. 1450 Nb. 5600 N 

c. 5700 N 

d. Friction between the tires and the ground 

e. Fuel, engine, or equal and opposite reaction 

34. b. 210 Nc. no, the box is flat so the normal force doesn't change 
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Figure 5.8: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2400 

d. 2.8 m/s 2 
e.28 m/s 

f. no 

g. 69 N 
h. 57 N 
i. 40 N 
j. 0.33 
k. 0.09 

35. . 

36. a. zero b. -kxO 

37. b. /i = /i/fcmig cos 8; fa = /!&wJ2g cos 6 c. Ma d. Ta = (mi + mi) [a + /i cos 0) and Tg = m2fl + /im2 cos 6 




Figure 5.9: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1086 

e. Solve by using d — l/2at 2 and substituting h for d 

38. a. Yes, because it is static and you know the angle and m\h. Yes, Ta and the angle gives you mi and 
the angle and Tc gives you m2,m\ — Ta cos25/g and m<i — 7ccos30/g 

39. a. 3 seconds d. 90 m 

40. . 

41. . 

42. . 

43. a. 1.5 N; 2.1 N; 0.71 



49 



www.ckl2.org 



Chapter 6 
Centripetal Forces 




CflfFRML 



6.1 The Big Idea 



In the absence of a net force, objects move in a straight line. If they turn — that is, if their velocity 
changes, even only in direction — there must be an applied force. Forces which cause objects to turn 
around continuously in a circle are known as centripetal forces. When an object moves in a circle its 
velocity at any particular instant points in a direction tangent to the circle. The acceleration points 
towards the center of the circle, and so does the force acting on it. This is only natural, when you think 
about it — if you feel a force pushing you towards your left as you walk forward, you will walk in a circle, 
always turning left. 




Figure 6.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1087 
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Key Equations 

Centripetal Force 



Fr = 



mv 



m mass (in kilograms, kg) 

v speed (in meters per second, m/s) 

r radius of circle 



Gravitational Force 



F G 



Gm\m2 



mi,m2 Masses of objects 

G Gravitational Constant, 6.67300 X 10" 11 m 3 kg" 1 s" 2 

r Distance between objects 



Key Concepts 

• An orbital period, T, is the time it takes to make one complete rotation. 




If a particle travels a distance 2jir in an amount of time T , then its speed is distance over time or 

2nr/T. 

An object moving in a circle has an instantaneous velocity vector tangential to the circle of its path. 
The force and acceleration vectors point to the center of the circle. 

Net force and acceleration always have the same direction. 



Centripetal acceleration is just the acceleration provided by centripetal forces. 
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Any force can be a centripetal force. Centripetal force is the umbrella term given to any force that 
is acting perpendicular to the motion of an object and thus causing it to go in a circle. 

When undergoing centripetal motion you might 'feels' an outward pull, however this is not a true 
force, but merely the objects inertia. Remember, Newton's first law maintains that the natural state 
of an object is to go in a straight line at constant speed. Thus, when you make a right turn in your 
car and the basketball in the back seat flies to the left, that is because the car is moving right and 
the basketball is maintaining it's position and thus from your point of view moves to the left. Your 
point of view in this case is different from reality because you are in a rotating reference frame. 

The Geosynchronous orbit is the orbit where a satellite completes one orbit of the Earth every 24 
hours, staying above the same spot (longitude) on Earth. This is a very important orbit for spy 
satellites and TV satellites among others. You force the speed of the satellite to be a value such that 
the satellite makes one rotation every 24 hours. 




Figure 6.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2401 



Key Applications 

• To find the maximum speed that a car can take a corner on a flat road without skidding out, set the 
force of friction equal to the centripetal force. 




Figure 6.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1088 



To find the tension in the rope of a swinging pendulum, remember that it is the sum of the tension 
and gravity that produces a net upward centripetal force. A common mistake is just setting the 
centripetal force equal to the tension. 

To find the speed of a planet or satellite in an orbit, set the force of gravity equal to the centripetal 
force. 
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Centripetal Forces Problem Set 

1. When you make a right turn at constant speed in your car what is the force that causes you (not the 
car) to change the direction of your velocity? Choose the best possible answer. 

(a) Friction between your butt and the seat 

(b) Inertia 

(c) Air resistance 

(d) Tension 

(e) All of the above 

(f) None of the above 

2. You buy new tires for your car in order to take turns a little faster (uh, not advised — always drive 
slowly). The new tires double your coefficient of friction with the road. With the old tires you could 
take a particular turn at a speed v . What is the maximum speed you can now take the turn without 
skidding out? 

(a) 4v 

(b) 2v 

(c) v 

(d) <2v 

(e) Not enough information given 





3. A pendulum consisting of a rope with a ball attached at the end is swinging back and forth. As 
it swings downward to the right the ball is released at its lowest point. Decide which way the ball 
attached at the end of the string will go at the moment it is released. 

(a) Straight upwards 

(b) Straight downwards 

(c) Directly right 

(d) Directly left 

(e) It will stop 
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4. A ball is spiraling outward in the tube shown to the right. Which way will the ball go after it leaves 
the tube? 

(a) Towards the top of the page 

(b) Towards the bottom of the page 

(c) Continue spiraling outward in the clockwise direction 

(d) Continue in a circle with the radius equal to that of the spiral as it leaves the tube 

(e) None of the above 

5. An object of mass 10 kg is in a circular orbit of radius 10 m at a velocity of 10 m/s. 

(a) Calculate the centripetal force (in N) required to maintain this orbit. 

(b) What is the acceleration of this object? 

6. Suppose you are spinning a child around in a circle by her arms. The radius of her orbit around you 
is 1 meter. Her speed is 1 m/s. Her mass is 25 kg. 

(a) What is the tension in your arms? 

(b) In her arms? 

7. A racecar is traveling at a speed of 80.0 m/s on a circular racetrack of radius 450 m. 

(a) What is its centripetal acceleration in m/s ? 

(b) What is the centripetal force on the racecar if its mass is 500 kg? 

(c) What provides the necessary centripetal force in this case? 

8. The radius of the Earth is 6380 km. Calculate the velocity of a person standing at the equator due 
to the Earth's 24 hour rotation. Calculate the centripetal acceleration of this person and express it 
as a fraction of the acceleration g due to gravity. Is there any danger of "flying off"? 

9. Neutron stars are the corpses of stars left over after supernova explosions. They are the size of a 
small city, but can spin several times per second. (Try to imagine this in your head.) Consider a 
neutron star of radius 10 km that spins with a period of 0.8 seconds. Imagine a person is standing 
at the equator of this neutron star. 

(a) Calculate the centripetal acceleration of this person and express it as a multiple of the acceler- 
ation g due to gravity (on Earth). 

(b) Now, find the minimum acceleration due to gravity that the neutron star must have in order to 
keep the person from flying off. 

10. Calculate the force of gravity between the Sun and the Earth. (The relevant data are included in 
Appendix B.) 
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11. Calculate the force of gravity between two human beings, assuming that each has a mass of 80 kg 
and that they are standing 1 m apart. Is this a large force? 

12. Prove g is approximately 10 m/s on Earth by following these steps: 

(a) Calculate the force of gravity between a falling object (for example an apple) and that of Earth. 
Use the symbol m to represent the mass of the falling object. 

(b) Now divide that force by the object's mass to find the acceleration g of the object. 

13. Our Milky Way galaxy is orbited by a few hundred "globular" clusters of stars, some of the most 
ancient objects in the universe. Globular cluster M13 is orbiting at a distance of 26, 000 light-years 
(one light-year is 9.46 X 10 15 m) and has an orbital period of 220 million years. The mass of the 
cluster is 10 6 times the mass of the Sun. 

(a) What is the amount of centripetal force required to keep this cluster in orbit? 

(b) What is the source of this force?# Based on this information, what is the mass of our galaxy? If 
you assume that the galaxy contains nothing, but Solar-mass stars (each with an approximate 
mass of 2 X 10 30 kg), how many stars are in our galaxy? 

14. Calculate the centripetal acceleration of the Earth around the Sun. 

15. You are speeding around a turn of radius 30.0 m at a constant speed of 15.0 m/s. 




(a) What is the minimum coefficient of friction u between your car tires and the road necessary for 
you to retain control? 

(b) Even if the road is terribly icy, you will still move in a circle because you are slamming into the 
walls. What centripetal forces must the walls exert on you if you do not lose speed? Assume 
m = 650 kg. 

16. Calculate the gravitational force that your pencil or pen pulls on you. Use the center of your chest 
as the center of mass (and thus the mark for the distance measurement) and estimate all masses and 
distances. 

(a) If there were no other forces present, what would your acceleration be towards your pencil? Is 
this a large or small acceleration? 

(b) Why, in fact, doesn't your pencil accelerate towards you? 

17. A digital TV satellite is placed in geosynchronous orbit around Earth, so it is always in the same 
spot in the sky. 

(a) Using the fact that the satellite will have the same period of revolution as Earth, calculate the 
radius of its orbit. 

(b) What is the ratio of the radius of this orbit to the radius of the Earth? 

(c) Draw a sketch, to scale, of the Earth and the orbit of this digital TV satellite. 

(d) If the mass of the satellite were to double, would the radius of the satellite's orbit be larger, 
smaller, or the same? Why? 

18. A top secret spy satellite is designed to orbit the Earth twice each day (i.e., twice as fast as the 
Earth's rotation). What is the height of this orbit above the Earth's surface? 
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19. Two stars with masses 3.00 x 10 31 kg and 7.00 x 10 30 kg are orbiting each other under the influence of 
each other's gravity. We want to send a satellite in between them to study their behavior. However, 
the satellite needs to be at a point where the gravitational forces from the two stars are equal. The 
distance between the two stars is 2.0 X 10 10 m. Find the distance from the more massive star to where 
the satellite should be placed. (Hint: Distance from the satellite to one of the stars is the variable.) 

20. Calculate the mass of the Earth using only: (i) Newton's Universal Law of Gravity; (ii) the Moon- 
Earth distance (Appendix Z?); and (Hi) the fact that it takes the Moon 27 days to orbit the Earth. 

21. A student comes up to you and says, "I can visualize the force of tension, the force of friction, and the 
other forces, but I can't visualize centripetal force." As you know, a centripetal force must be provided 
by tension, friction, or some other "familiar" force. Write a two or three sentence explanation, in 
your own words, to help the confused student. 




22. A space station was established far from the gravitational field of Earth. Extended stays in zero 
gravity are not healthy for human beings. Thus, for the comfort of the astronauts, the station is 
rotated so that the astronauts feel there is an internal gravity. The rotation speed is such that the 
apparent acceleration of gravity is 9.8 m/s . The direction of rotation is counter-clockwise. 



(a) If the radius of the station is 80 m, what is its rotational speed, v? 

(b) Draw vectors representing the astronaut's velocity and acceleration. 

(c) Draw a free body diagram for the astronaut. 

(d) Is the astronaut exerting a force on the space station? If so, calculate its magnitude. Her mass 
m = 65 kg. 

(e) The astronaut drops a ball, which appears to accelerate to the 'floor,' (see picture) at 9.8 m/s . 



i. Draw the velocity and acceleration vectors for the ball while it is in the air. 

ii. What force (s) are acting on the ball while it is in the air? 

iii. Draw the acceleration and velocity vectors after the ball hits the floor and comes to rest, 

iv. What force(s) act on the ball after it hits the ground? 
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Answers to Selected Problems 

1. . 

2. . 

3. . 

4. . 

5. a. 100 Nb. 10m/s 2 

6. a. 25 N towards her b. 25 N towards you 

7. a. 14.2 m/s 2 b. 7.1 x 10 3 N 

c. friction between the tires and the road 

8. .0034g 
a. 6.2 x 10 5 m/s b. The same as a. 
3.56xl0 22 N 

4.2 x 10~ 7 N; very small force 

g = 9.8 m/s ; you'll get close to this number but not exactly due to some other small effects 
a. 4 X 10 26 Nb. gravity 

c. 2 x 10 41 kg 
.006 m/s 2 
a. .765b. 4880 N 

a. ~ 10 -8 N very small force b. Your pencil does not accelerate toward you because the frictional 
force on your pencil is much greater than this force, 
a. 4.23 X 10 7 mb. 6.6 R e 

d. The same, the radius is independent of mass 
1.9xl0 7 m 

You get two answers for r, one is outside of the two stars one is between them, that's the one you 
want, 1.32 x 10 10 m from the larger star. 



9. 
10. 
11. 

12. 
13. 

14. 
15. 
16. 

17. 

18. 
19. 

20. 
21. 
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22. a. v = 28 m/sb. v-down, a-right 

c. /-right 

d. Yes, 640N 
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Chapter 7 



Momentum Conservation 




monim 

(MOTION 



7.1 The Big Idea 



The universe has many remarkable qualities, among them a rather beautiful symmetry: the total amount 
of motion in the universe is constant. This law only makes sense if we measure "motion" in a specific way: 
as the product of mass and velocity. This product, called momentum, can be transferred from one object 
to another in a collision. The rapidity with which momentum is exchanged over time is determined by the 
forces involved in the collision. This is the second of the five fundamental conservation laws in physics. 
The other four are conservation of energy, angular momentum, charge and CPT. (See Feynman's Diagrams 
for an explanation of CPT.) 



Key Equations and Definitions 



Uses of Momentum 



p = mv 
F = ma 
ma 



mAv 
At 



Ap 

At 



Momentum vector 

Newton's Second Law 

Newton's Second Law in terms of momentum 



^ ^initial = 2 Pfinai Momentum is constant in closed systems 



Key Concepts 

• Momentum is a vector that points in the direction of the velocity vector. The magnitude of this 
vector is the product of mass and speed. 
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The total momentum of the universe is always the same and is equal to zero. The total momentum 

of an isolated system never changes. 

Momentum can be transferred from one body to another. In an isolated system in which momentum 

is transferred internally, the total initial momentum is the same as the total final momentum. 

Momentum conservation is especially important in collisions, where the total momentum just before 

the collision is the same as the total momentum after the collision. 

The force imparted on an object is equal to the change in momentum divided by the time interval 

over which the objects are in contact. 

Impulse is the change in momentum on one of the objects in a collision. Impulse force is the force 

imparted on one of the objects as defined above. 

Impulse is how momentum is transferred from one system to another. You can always determine the 

impulse by finding the changes in momentum, which are done by forces acting over a period of time. 

If you graph force vs. time of impact the area under the curve is the impulse. 

When calculating impulse the time to use is when the force is in contact with the body. 




Figure 7.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1089 



Center-of-mass is the 'balancing point' of an object. For uniform density ball, the center of mass is 
at the exact center. All collisions in this chapter are treated as center of mass collisions. 




Figure 7.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1090 



Internal forces are forces for which both Newton's 3 rd Law force pairs are contained within the system. 
For example, consider a two-car head-on collision. Define the system as just the two cars. In this 
case, internal forces include that of the fenders pushing on each other, the contact forces between the 
bolts, washers, and nuts in the engines, etc. 

External forces are forces that act on the system from outside. In our previous example, external 
forces include the force of gravity acting on both cars (because the other part of the force pair, the 
pull of gravity the Earth experiences coming from the cars, is not included in the system) and the 
forces of friction between the tires and the road. 
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If there are no external forces acting on a system of objects, the initial momentum of the system will 
be the same as the final momentum of the system. Otherwise, the final momentum will change by 
Ap = FAt. We call a change in momentum, A/?, an impulse. 




Figure 7.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1091 



Key Applications 

• Two cars collide head-on... two subatomic particles collide in an accelerator... a bird slams into a glass 
office building: all of these are examples of one-dimensional (straight line) collisions. For these, pay 
extra attention to direction: define one direction as positive and the other as negative, and be sure 
everybody gets the right sign. 




Figure 7.4: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1092 




Figure 7.5: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1093 



A firecracker in mid-air explodes... two children push off each other on roller skates... an atomic nucleus 
breaks apart during a radioactive decay: all of these are examples of disintegration problems. The 
initial momentum beforehand is zero, so the final momentum afterwards must also be zero. 
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A spacecraft burns off momentum by colliding with air molecules as it descends... hail stones pummel 
the top of your car... a wet rag is thrown at and sticks to the wall: all of these are examples of impulse 
problems, where the change in momentum of one object and the reaction to the applied force are 
considered. What is important here is the rate: you need to come up with an average time Dt that 
the collision(s) last so that you can figure out the force F = A/?/ At. Remember as well that if a 
particle has momentum p, and it experiences an impulse that turns it around completely, with new 
momentum -p, then the total change in momentum has magnitude 2p. It is harder to turn something 
totally around than just to stop it! 

A car going south collides with a second car going east ... an inflatable ball is thrown into the flow 
of a waterfall ... a billiard ball strikes two others, sending all three off in new directions: these are 
all examples of two-dimensional (planar) collisions. For these, you get a break: the sum of all the 
momenta in the x direction have to remain unchanged before and after the collision — independent 
of any y momenta, and vice- versa. This is a similar concept to the one we used in projectile motion. 
Motions in different directions are independent of each other. 

Momenta vectors add just like any other vectors. Refer to the addition of vectors material in Chapter 
1. 




Figure 7.6: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1095 




Figure 7.7: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1094 



Momentum Conservation Problem Set 

1. You find yourself in the middle of a frozen lake. There is no friction between your feet and the ice of 
the lake. You need to get home for dinner. Which strategy will work best? 

(a) Press down harder with your shoes as you walk to shore. 

(b) Take off your jacket. Then, throw it in the direction opposite to the shore. 

(c) Wiggle your butt until you start to move in the direction of the shore. 

(d) Call for help from the great Greek god Poseidon. 

2. You jump off of the top of your house and hope to land on a wooden deck below. Consider the 
following possible outcomes: 
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(a) You hit the deck, but it isn't wood! A camouflaged trampoline slows you down over a time 
period of 0.2 seconds and sends you flying back up into the air. 

(b) You hit the deck with your knees locked in a straight-legged position. The collision time is 0.01 
seconds. 

(c) You hit the deck and bend your legs, lengthening the collision time to 0.2 seconds. 

(d) You hit the deck, but it isn't wood! It is simply a piece of paper painted to look like a deck. 
Below is an infinite void and you continue to fall, forever. 

i. Which method will involve the greatest force acting on you? 

ii. Which method will involve the least force acting on you? 

iii. Which method will land you on the deck in the least pain? 

iv. Which method involves the least impulse delivered to you? 

v. Which method involves the greatest impulse delivered to you? 




3. You and your sister are riding skateboards side by side at the same speed. You are holding one end of 
a rope and she is holding the other. Assume there is no friction between the wheels and the ground. 
If your sister lets go of the rope, how does your speed change? 

(a) It stays the same. 

(b) It doubles. 

(c) It reduces by half. 




4. You and your sister are riding skateboards (see Problem 3), but now she is riding behind you. You 
are holding one end of a meter stick and she is holding the other. At an agreed time, you push back 
on the stick hard enough to get her to stop. What happens to your speed? Choose one. (For the 
purposes of this problem pretend you and your sister weigh the same amount.) 

(a) It stays the same. 

(b) It doubles. 

(c) It reduces by half. 

5. You punch the wall with your fist. Clearly your fist has momentum before it hits the wall. It is 
equally clear that after hitting the wall, your fist has no momentum. But momentum is always 
conserved! Explain. 
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6. An astronaut is using a drill to fix the gyroscopes on the Hubble telescope. Suddenly, she loses her 
footing and floats away from the telescope. What should she do to save herself? 

7. You look up one morning and see that a 30 kg chunk of asbestos from your ceiling is falling on you! 
Would you be better off if the chunk hit you and stuck to your forehead, or if it hit you and bounced 
upward? Explain your answer. 

8. A 5.00 kg firecracker explodes into two parts: one part has a mass of 3.00 kg and moves at a velocity 
of 25.0 m/s towards the west. The other part has a mass of 2.00 kg. What is the velocity of the 
second piece as a result of the explosion? 

9. A firecracker lying on the ground explodes, breaking into two pieces. One piece has twice the mass 
of the other. What is the ratio of their speeds? 

10. You throw your 6.0 kg skateboard down the street, giving it a speed of 4.0 m/s. Your friend, the 
Frog, jumps on your skateboard from rest as it passes by. Frog has a mass of 60 kg. 

(a) What is the momentum of the skateboard before Frog jumps on it? 

(b) Find Frog's speed after he jumps on the skateboard. 

(c) What impulse did Frog deliver to the skateboard? 

(d) If the impulse was delivered over 0.2 seconds, what was the average force imparted to the 
skateboard? 

(e) What was the average force imparted to the Frog? Explain. 




11. Two blocks collide on a frictionless surface, as shown. Afterwards, they have a combined mass of 
10 kg and a speed of 2.5 m/s. Before the collision, one of the blocks was at rest. This block had a 
mass of 8.0 kg. What was the mass and initial speed of the second block? 

12. While driving in your pickup truck down Highway 280 between San Francisco and Palo Alto, an 
asteroid lands in your truck bed! Despite its 220 kg mass, the asteroid does not destroy your 1200 kg 
truck. In fact, it landed perfectly vertically. Before the asteroid hit, you were going 25 m/s. After it 
hit, how fast were you going? 

13. A baseball player faces a 80.0 m/s pitch. In a matter of .020 seconds he swings the bat, hitting a 
50.0 m/s line drive back at the pitcher. Calculate the force on the bat while in contact with the ball. 

14. An astronaut is 100 m away from her spaceship doing repairs with a 10.0 kg wrench. The astronaut's 
total mass is 90.0 kg and the ship has a mass of 1.00 x 10 4 kg. If she throws the wrench in the opposite 
direction of the spaceship at 10.0 m/s how long would it take for her to reach the ship? 

15. A place kicker applies an average force of 2400 N to a football of .040 kg. The force is applied at an 
angle of 20.0 degrees from the horizontal. Contact time is .010 sec. 

(a) Find the velocity of the ball upon leaving the foot. 

(b) Assuming no air resistance find the time to reach the goal posts 40.0 m away. 

(c) The posts are 4.00 m high. Is the kick good? By how much? 




16. In the above picture, the carts are moving on a level, frictionless track. After the collision all three 
carts stick together. Determine the direction and speed of the combined carts after the collision. 
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17. 



jr* 




18. Your author's Italian cousin crashed into a tree. He was originally going 36 km/hr. Assume it took 
0.40 seconds for the tree to bring him to a stop. The mass of the cousin and the car is 450 kg. 



(a) What average force did he experience? Include a direction in your answer. 

(b) What average force did the tree experience? Include a direction in your answer. 

(c) Express this force in pounds. 

(d) How many g's of acceleration did he experience? 



19. The train engine and its four boxcars are coasting at 40 m/s. The engine train has mass of 5, 500 kg 
and the boxcars have masses, from left to right, of 1,000 kg, 1,500 kg, 2,000 kg, and 3,000 kg. (For 
this problem, you may neglect the small external forces of friction and air resistance.) 




(a) What happens to the speed of the train when it releases the last boxcar? (Hint: Think before 
you blindly calculate.) 

(b) If the train can shoot boxcars backwards at 30 m/s relative to the train's speed, how many 
boxcars does the train need to shoot out in order to obtain a speed of 58.75 m/s? 



20. Serena Williams volleys a tennis ball hit to her at 30 m/s. She blasts it back to the other court at 
50 m/s. A standard tennis ball has mass of 0.057 kg. If Serena applied an average force of 500 N to 
the ball while it was in contact with the racket, how long did the contact last? 
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21. Zoran's spacecraft, with mass 12,000 kg, is traveling to space. The structure and capsule of the craft 
have a mass of 2,000 kg; the rest is fuel. The rocket shoots out 0.10 kg/s of fuel particles with a 
velocity of 700 m/s with respect to the craft. 



(a) What is the acceleration of the rocket in the first second? 

(b) What is the average acceleration of the rocket after the first ten minutes have passed? 




22. In Sacramento a 4000 kg SUV is traveling 30 m/s south on Truxel crashes into an empty school bus, 
7000 kg traveling east on San Juan. The collision is perfectly inelastic. 



(a) Find the velocity of the wreck just after collision 

(b) Find the direction in which the wreck initially moves 



23. A 3 kg ball is moving 2 m/s in the positive x-direction when it is struck dead center by a 2 kg ball 
moving in the positive y-direction. After collision the 3 kg ball moves at 1 m/s 30 degrees from the 
positive x-axis. 
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Once you have filled out the Table 7.1, solve the following problems: 

(a) Find the velocity and direction of the 2 kg ball. 

(b) Use the table to prove momentum is conserved. 

(c) Prove that kinetic energy is not conserved. 



Table 7.1: To 2-significant digit accuracy fill out the table. 



3 kg ball p x 



3 kg ball p y 



2 kg ball p x 



2 kg ball p y 



Momentum before 
Momentum after 
collision 



23. Students are doing an experiment on the lab table. A steel ball is rolled down a small ramp and 
allowed to hit the floor. Its impact point is carefully marked. Next a second ball of the same mass 
is put upon a set screw and a collision takes place such that both balls go off at an angle and hit 
the floor. All measurements are taken with a meter stick on the floor with a co-ordinate system such 
that just below the impact point is the origin. The following data is collected: 

(a) no collision: 41.2 cm 

(b) target ball: 37.3 cm in the direction of motion and 14.1 cm perpendicular to the direction of 
motion 




rJW' 



1. 

ii. 



m. 



From this data predict the impact position of the other ball. 

One of the lab groups declares that the data on the floor alone demonstrate to a 2% accuracy 

that the collision was elastic. Show their reasoning. 

Another lab group says they can't make that determination without knowing the velocity 
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the balls have on impact. They ask for a timer. The instructor says you don't need one; 
use your meter stick. Explain, 
iv. Design an experiment to prove momentum conservation with balls of different masses, giving 
apparatus, procedure and design. Give some sample numbers. 

Answers to Selected Problems 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

8. 37.5 m/s 

9. vi — 2v2 

10. a. 24^b. 0.364 m/s 

c. 22^ 

d. 109 N 

e. 109 N due to Newton's third law 

11. 2.0 kg, 125 m/s 

12. 21 m/s to the left 

13. 3250 N 

14. a. 90 secb. 1.7 x 10 5 sec 

15. a. 60 m/sb. .700 sec 
c. yes, 8.16 m 

16. 0.13 m/s to the left 

17. a. 11000 N to the left b. tree experienced same average force of 11000 N but to the right 

c. 25001b. 

d. about 2.5 "g"s of acceleration 

18. a. no change b. the last two cars 

19. a. 0.00912 s 

20. a. 0.0058 m/s 2 b. 3.5 m/s 2 

21. a.15 m/sb. 49° S of E 

22. b. 4.6 m/s 68° 
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Chapter 8 
Energy and Force 




8.1 The Big Idea 



The law of conservation of momentum states that in any closed system (including the universe) the total 
quantity of momentum is constant. Momentum can be transferred from one body to another, but none is 
lost or gained. If a system has its momentum changed from the outside it is caused by an impulse, which 
transfers momentum from one body to another. 

When any two bodies in the universe interact, they can exchange energy, momentum, or both. The law 
of conservation of energy states that in any closed system (including the universe) the total quantity of 
energy remains fixed. Energy is transferred from one form to another, but not lost or gained. If energy 
is put into a system from the outside or vice versa it is often in the form of work, which is a transfer of 
energy between bodies. 



Key Equations and Definitions 



Energy 



K 

U g 



1 9 



2.2> 



Kinetic energy (in Joules, kg m s 
mgh Gravitational potential energy, J 

spring = \k{Ax) 2 Spring potential energy, J 



Transfers 



W = F • d Work is the dot product of force and displacement 

P = -gj Power is the rate of change of energy of a system, in Watts (J/s) 

/ = Ap = FAt Impulse is the change in a system's momentum 
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Conservation Laws 



Z Pinitial = Z Pfinai Total momentum is constant in closed systems 

Z ^initial = Z ^final Total energy is constant in closed systems 

Z initial = Z ^finai Kinetic energy conserved only in elastic collisions 



Key Concepts 

• Work is simply how much energy was transferred from one system to another system. You can always 
find the work done on an object (or done by an object) by determining how much energy has been 
transferred into or out of the object through forces. If you graph force vs. distance, the area under 
the curve is work. (The semantics take some getting used to: if you do work on me, then you have 
lost energy, and I have gained energy.) 

• Work can be computed by multiplying the distance traveled with the component of force that is 
parallel to that distance 

• Energy can be transformed from one kind into the other; if the total energy at the end of the process 
appears to be less than at the beginning, the "lost" energy has been transferred to another system, 
often by heat or sound waves. 

• Work can be computed by multiplying the distance with the component of force that is parallel to 
the distance 

• Efficiency is equal to the output energy divided by the input energy. 




Figure 8.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2402 



Key Applications 

• When working a problem that asks for height or speed, energy conservation is almost always the 
easiest approach. 

• Potential energy of gravity, U g , is always measured with respect to some arbitrary 'zero' height 
defined to be where the gravitational potential energy is zero. You can set this height equal to zero 
at any altitude you like. Be consistent with your choice throughout the problem. Often it is easiest 
to set it to zero at the lowest point in the problem. 

• When using the equation E to t,initiai = E tot ji na i to solve a problem, it is important to know which side 
of the equation the kinetic and potential energy, work, heat, etc., go on. To figure this out, think 
about what kind of energy the person or object had in the beginning (initial) and what kind it had 
in the end (final). 

• Some problems require you to use both energy conservation and momentum conservation. Remember, 
in every collision, momentum is conserved. Kinetic energy, on the other hand, is not always conserved, 
since some kinetic energy may be lost to heat. 
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Figure 8.2: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/1098 




Figure 8.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1099 

If a system involves no energy losses due to heat or sound, no change in potential energy and no work 
is done by anybody to anybody else, then kinetic energy is conserved. Collisions where this occurs 
are called elastic. In elastic collisions, both kinetic energy and momentum are conserved. In inelastic 
collisions kinetic energy is not conserved; only momentum is conserved. 

Sometimes energy is "lost" when crushing an object. For instance, if you throw silly putty against a 
wall, much of the energy goes into flattening the silly putty (changing intermolecular bonds). Treat 
this as lost energy, similar to sound, chemical changes, or heat. In an inelastic collision, things stick, 
energy is lost, and so kinetic energy is not conserved. 

When calculating work, use the component of the force that is in the same direction as the mo- 
tion. Components of force perpendicular to the direction of the motion don't do work. (Note that 
centripetal forces never do work, since they are always perpendicular to the direction of motion.) 
Mechanical Advantage is the ability to lift or move objects with great force while utilizing only a 
little force. The trade-off is that you must operate the smaller input force for a large distance. This 
is all seen through the work Equation. Work equals force times distance. Energy is conserved. Thus 
one can get a large force for a small distance equal to a small force for a large distance. 
Mechanical advantage equals the distance of effort divided by the distance the object moves. It is 
also equal to the output force divided by the input force. 




Figure 8.4: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1096 
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In some problems you will need to consider centripetal forces when finding the minimum energy to 
complete a loop or when driving over a hill. 




Figure 8.5: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2393 



Energy and Force Problem Set 

1. At 8:00 AM, a bomb exploded in mid-air. Which of the following is true of the pieces of the bomb 
after explosion? (Select all that apply.) 

(a) The vector sum of the momenta of all the pieces is zero. 

(b) The total kinetic energy of all the pieces is zero. 

(c) The chemical potential energy of the bomb has been converted entirely to the kinetic energy of 
the pieces. 

(d) Energy is lost from the system to sound, heat, and a pressure wave. 

2. A rock with mass m is dropped from a cliff of height h. What is its speed when it gets to the bottom 
of the cliff? 

(a) ^Jmg 

(b) 2gh 

(c) V^ 

(d) gh 

(e) None of the above 

3. Two cats, Felix and Meekwad, collide. Felix has a mass of 2 kg and an initial velocity of 10 m/s to 
the west. Meekwad has a mass of 1 kg and is initially at rest. After the collision, Felix has a velocity 
of 4 m/s to the west and Meekwad has a velocity of 12 m/s to the west. Verify that momentum was 
conserved. Then, determine the kinetic energies of the system before and after the collision. What 
happened?! (All numbers are exact.) 

4. You are at rest on your bicycle at the top of a hill that is 20 m tall. You start rolling down the hill. 
At the bottom of the hill you have a speed of 22 m/s. Your mass is 80 kg. Assuming no energy is 
gained by or lost to any other source, which of the following must be true? 

(a) The wind must be doing work on you. 

(b) You must be doing work on the wind. 

(c) No work has been done on either you or the wind. 

(d) Not enough information to choose from the first three. 

5. A snowboarder, starting at rest at the top of a mountain, flies down the slope, goes off a jump and 
crashes through a second-story window at the ski lodge. Retell this story, but describe it using the 
language of energy. Be sure to describe both how and when the skier gained and lost energy during 
her journey. 

6. An airplane with mass 200, 000 kg is traveling with a speed of 268 m/s. 
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(a) What is the kinetic energy of the plane at this speed? 

A wind picks up, which causes the plane to lose 1.20 x 10 8 J per second. 

(b) How fast is the plane going after 25.0 seconds? 

7. A roller coaster begins at rest 120 m above the ground, as shown. Assume no friction from the wheels 
and air, and that no energy is lost to heat, sound, and so on. The radius of the loop is 40 m. 




(a) Find the speed of the roller coaster at points B,C,D,E,F, and H. 

(b) Assume that 25% of the initial potential energy of the coaster is lost due to heat, sound, and 
air resistance along its route. How far short of point H will the coaster stop? 

(c) Does the coaster actually make it through the loop without falling? (Hint: You might review 
the material from Chapter 6 to answer this part.) 



Video 



Figure 8.6: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1101 




9. In the picture above, a 9.0 kg baby on a skateboard is about to be launched horizontally. The spring 
constant is 300 N/m and the spring is compressed 0.4 m. For the following questions, ignore the 
small energy loss due to the friction in the wheels of the skateboard and the rotational energy used 
up to make the wheels spin. 

(a) What is the speed of the baby after the spring has reached its uncompressed length? 

(b) After being launched, the baby encounters a hill 7 m high. Will the baby make it to the top? 
If so, what is his speed at the top? If not, how high does he make it? 

(c) Are you finally convinced that your authors have lost their minds? Look at that picture! 
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k = 1 ,000 N/m 



10. When the biker is at the top of the ramp shown above, he has a speed of 10 m/s and is at a height 
of 25 m. The bike and person have a total mass of 100 kg. He speeds into the contraption at the end 
of the ramp, which slows him to a stop. 

(a) What is his initial total energy? (Hint: Set U g = at the very bottom of the ramp.) 

(b) What is the length of the spring when it is maximally compressed by the biker? (Hint: The 
spring does not compress all the way to the ground so there is still some gravitational potential 
energy. It will help to draw some triangles.) 

11. An elevator in an old apartment building in Switzerland has four huge springs at the bottom of the 
shaft to cushion its fall in case the cable breaks. The springs have an uncompressed height of about 
1 meter. Estimate the spring constant necessary to stop this elevator, following these steps: 

(a) First, guesstimate the mass of the elevator with a few passengers inside. 

(b) Now, estimate the height of a five-story building. 

(c) Lastly, use conservation of energy to estimate the spring constant. 

12. You are driving your buddy to class in a car of mass 900 kg at a speed of 50 m/s. You and your 
passenger each have 80 kg of mass. Suddenly, a deer runs out in front of your car. The coefficient of 
friction between the tires and the freeway cement is jik — 0.9. In addition there is an average force 
of friction of 6,000 N exerted by air resistance, friction of the wheels and axles, etc. in the time it 
takes the car to stop. 

(a) What is your stopping distance if you skid to a stop? 

(b) What is your stopping distance if you roll to a stop (i.e., if the brakes don't lock)? 

13. You are skiing down a hill. You start at rest at a height 120 m above the bottom. The slope has a 
10.0° grade. Assume the total mass of skier and equipment is 75.0 kg. 




(a) Ignore all energy losses due to friction. What is your speed at the bottom? 

(b) If, however, you just make it to the bottom with zero speed what would be the average force of 
friction, including air resistance? 

14. Two horrific contraptions on frictionless wheels are compressing a spring (k = 400 N/m) by 0.5 m 
compared to its uncompressed (equilibrium) length. Each of the 500 kg vehicles is stationary and 
they are connected by a string. The string is cut! Find the speeds of the masses once they lose 
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contact with the spring. 




15. You slide down a hill on top of a big ice block as shown in the diagram. Your speed at the top of 
the hill is zero. The coefficient of kinetic friction on the slide down the hill is zero (ji^ = 0). The 
coefficient of kinetic friction on the level part just beneath the hill is 0.1 (jik = 0.1). 




(a) What is your speed just as you reach the bottom of the hill? 

(b) How far will you slide before you come to a stop? 

16. A 70 kg woman falls from a height of 2.0 m and lands on a springy mattress. 

(a) If the springs compress by 0.5 m, what is the spring constant of the mattress? 

(b) / no energy is lost from the system, what height will she bounce back up to? 

17. Marciel is at rest on his skateboard (total mass 50 kg) until he catches a ball traveling with a speed 
of 50 m/s. The baseball has a mass of 2 kg. What percent of the original kinetic energy is transferred 
into heat, sound, deformation of the baseball, and other non-mechanical forms when the collision 
occurs? 




18. You throw a 0.5 kg lump of clay with a speed of 5 m/s at a 15 kg bowling ball hanging from a vertical 
rope. The bowling ball swings up to a height of 0.01 m compared to its initial height. Was this an 
elastic collision? Justify your answer. 
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19. The 20 g bullet shown below is traveling to the right with a speed of 20 m/s. A 1.0 kg block is 
hanging from the ceiling from a rope 2.0 m in length. 

(a) What is the maximum height that the bullet-block system will reach, if the bullet embeds itself 
in the block? 

(b) What is the maximum angle the rope makes with the vertical after the collision? 

20. You are playing pool and you hit the cue ball with a speed of 2 m/s at the 8-ball (which is stationary). 
Assume an elastic collision and that both balls are the same mass. Find the speed and direction of 
both balls after the collision, assuming neither flies off at any angle. 

21. A 0.045 kg golf ball with a speed of 42.0 m/s collides elastically head-on with a 0.17 kg pool ball at 
rest. Find the speed and direction of both balls after the collision. 

22. Ball A is traveling along a flat table with a speed of 5.0 m/s, as shown below. Ball Z?, which has the 
same mass, is initially at rest, but is knocked off the table in an elastic collision with Ball A. Find 
the horizontal distance that Ball B travels before hitting the floor. 



■£* 








\ 



23. Manrico (80.0 kg) and Leonora (60.0 kg) are figure skaters. They are moving toward each other. 
Manrico's speed is 2.00 m/s; Leonora's speed is 4.00 m/s. When they meet, Leonora flies into 
Manrico's arms. 

(a) With what speed does the entwined couple move? 

(b) In which direction are they moving? 
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(c) How much kinetic energy is lost in the collision? 

24. Aida slides down a 20.0 m high hill on a frictionless sled (combined mass 40.0 kg). At the bottom 
of the hill, she collides with Radames on his sled (combined mass 50.0 kg). The two children cling 
together and move along a horizontal plane that has a coefficient of kinetic friction of 0.10. 

(a) What was Aida's speed before the collision? 

(b) What was the combined speed immediately after collision? 

(c) How far along the level plane do they move before stopping? 

25. A pile driver lifts a 500 kg mass a vertical distance of 20 m in 1.1 sec. It uses 225 kW of supplied 
power to do this. 

(a) How much power was used in actually lifting the mass? 

(b) What is the efficiency of the machine? (This is the ratio of power used to power supplied.) 

(c) The mass is dropped on a pile and falls 20 m. If it loses 40, 000 J on the way down to the ground 
due to air resistance, what is its speed when it hits the pile? 

26. Investigating a traffic collision, you determine that a fast-moving car (mass 600 kg) hit and stuck to 
a second car (mass 800 kg), which was initially at rest. The two cars slid a distance of 30.0 m over 
rough pavement with a coefficient of friction of 0.60 before coming to a halt. What was the speed of 
the first car? Was the driver above the posted 60 MPH speed limit? 

27. Force is applied in the direction of motion to a 15.0 kg cart on a frictionless surface. The motion is 
along a straight line and when t = 0, then x = and v = 0. (The displacement and velocity of the 
cart are initially zero.) Look at the following graph: 



(a) What is the change in momentum during the first 5 sec? 

(b) What is the change in velocity during the first 10 sec? 

(c) What is the acceleration at 4 sec? 

(d) What is the total work done on the cart by the force from 0-10 sec? 

(e) What is the displacement after 5 sec? 

28. Force is applied in the direction of motion to a 4.00 kg cart on a frictionless surface. The motion is 
along a straight line and when t = 0,v = and x = 0. look at the following graph: 




displacement 



(a) What is the acceleration of the cart when the displacement is 4 m? 

(b) What work was done on the cart between x = 3 m and x = 8 m? 

(c) What is the total work done on the cart between 0-10 m? 

(d) What is the speed of the cart at x = 10 m? 

(e) What is the impulse given the cart by the force from 1-10 m? 

(f) What is the speed at x = 8 m? 

(g) How much time elapsed from when the cart was at x = 8 to when it got to x = 10 m? 

29. You are to design an experiment to measure the average force an archer exerts on the bow as she 
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pulls it back prior to releasing the arrow. The mass of the arrow is known. The only lab equipment 
you can use is a meter stick. 

(a) Give the procedure of the experiment and include a diagram with the quantities to be measured 
shown. 

(b) Give sample calculations using realistic numbers. 

(c) What is the single most important inherent error in the experiment? 

(d) Explain if this error would tend to make the force that it measured greater or lesser than the 
actual force and why. 

30. Molly eats a 500 kcal (2.09 x 10 6 J) power bar before the big pole vault. The bar's energy content 
comes from changing chemical bonds from a high to a low state and expelling gases. However, 25.0% 
of the bar's energy is lost expelling gases and 60.0% is needed by the body for various biological 
functions. 




(a) How much energy is available to Molly for the run? 

(b) Energy losses due to air resistance and friction on the run are 200, 000 J, Molly's increased heart 
rate and blood pressure use 55, 000 J of the available energy during the run. What top speed 
can the 50.0 kg Molly expect to attain? 

(c) The kinetic energy is transferred to the pole, which is "compressed" like a spring of k = 
2720 N/m; air resistance energy loss on the way up is 300 J, and as she crosses the bar she 
has a horizontal speed of 2.00 m/s. If Molly rises to a height equal to the expansion of the pole 
what is that height she reaches? 

(d) On the way down she encounters another 300 J of air resistance. How much heat in the end is 
given up when she hits the dirt and comes to a stop? 

31. A new fun foam target on wheels for archery students has been invented. The arrow of mass, m, and 
speed, vo, goes through the target and emerges at the other end with reduced speed, vo/2. The mass 
of the target is 7 m. Ignore friction and air resistance. 
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(a) What is the final speed of the target? 

(b) What is the kinetic energy of the arrow after it leaves the target? 

(c) What is the final kinetic energy of the target? 

(d) What percent of the initial energy of the arrow was lost in the shooting? 

Answers to Selected Problems 

1. 

2. 
3. 
4. 
5. 

6. a. 7.18 x 10 9 Jb. 204 m/s 

7. a. 34 m/s @ B; 28 m/s @ D; 40 m/s @ E; 49 m/s @ C and F; m/s @ Hh. 30 m 
c. Yes, it makes the loop 

8. a. 2.3 m/sc. No, the baby will not clear the hill. 

9. a. 29, 500 Jb. Spring has maximum compressed length of 13 m 

10. . 

11. a. 86 mb. 220 m 

12. a. 48.5 m/sb. 128 N 

13. 0.32 m/s each 

14. a. 10 m/s b. 52 m 

15. a. 1.1 x 10 4 N/mb. 2 m above the spring 

16. 96% 

17. . 

18. a. .008 mb. 5.12° 

19. 8 m/s same direction as the cue ball and m/s 

20. Vgoif = -24.5 m/s;vpool = 17.6 m/s 

21. 2.8 m 

22. a. 0.57 m/sb. Leonora's 
c. 617 J 

23. a. 19.8 m/sb. 8.8 m/s 
c. 39.5 m 

24. a. 89 kWb. 0.4 
c. 15.1 m/s 

25. 43.8 m/s 

26. . 

27. . 

28. . 

29. a. 3.15 X 10 5 Jb. 18.0 m/s 

c. 2.41 m 

d. 7900 J 

30. a. v /14b. mv 2 /8 

c. 7mv 2 /392 

d. 71% 
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Chapter 9 



Rotational Motion 




9.1 The Big Idea 



The third conservation law is conservation of angular momentum. This vector quantity is the product of 
rotational velocity and rotational inertia. In any closed system (including the universe) the quantity of 
angular momentum is fixed. Angular momentum can be transferred from one body to another, but cannot 
be lost or gained. If a system has its angular momentum changed from the outside it is caused by a torque. 
Torque is a force applied at a distance from the center of rotation. 




Key Concepts 

• To determine the rotation axis, wrap your right hand's fingers in the direction of rotation and your 
thumb will point along the axis (see figure). 



When something rotates in a circle, it moves through a position angle 6 that runs from to 2n radians 
and starts over again at 0. The physical distance it moves is called the path length. If the radius of 
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the circle is larger, the path length traveled is longer. 



The angular velocity co tells you how quickly the angle 6 changes. In more formal language, the 
rate of change of 0, the angular position, is called the angular velocity co. The direction of angular 
velocity is either clockwise or counterclockwise. Analogously, the rate of change of co is the angular 
acceleration a. 



The linear velocity and linear acceleration of rotating object also depend on the radius of rotation, 
which is called the moment arm (See figure below.) If something is rotating at a constant angular 
velocity, it moves more quickly if it is farther from the center of rotation. For instance, people at the 
Earth's equator are moving faster than people at northern latitudes, even though their day is still 24 
hours long - this is because they have a greater circumference to travel in the same amount of time. 




There are rotational analogs to the "Big Three" equations. 



Just as linear accelerations are caused by forces, angular accelerations are caused by torques. 



Torques produce angular accelerations, but just as masses resist acceleration (due to inertia), there 
is an inertia that opposes angular acceleration. The measure of this inertial resistance depends on 
the mass, but more importantly on the distribution of the mass in a given object. The moment 
of inertia, /, is the rotational version of mass. Values for the moment of inertia of common 
objects are given in problem 2. Torques have only two directions: those that produce clockwise (CW) 
and those that produce counterclockwise (CCW) rotations. The angular acceleration or change in co 
would be in the direction of the torque. 



Video 



Figure 9.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1102 
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Moment of inertia is the inertia to rotation. So the larger the moment of inertia the more difficult it 
is to rotate. And, thus, the more resistant it is to angular acceleration. 



Video 



Figure 9.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1103 




Figure 9.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1104 

Imagine spinning a fairly heavy disk. To make it spin, you don't push towards the disk center- that 
will just move it in a straight line. To spin it, you need to push along the side, much like when you 
spin a basketball. Thus, the torque you exert on a disk to make it accelerate depends only on the 
component of the force perpendicular to the radius of rotation: r = r F±. 



Many separate torques can be applied to an object. The angular acceleration produced is a 



tii- 



When an object is rolling without slipping this means that v = rco and a = ra. This is also true in the 
situation of a rope on a pulley that is rotating the pulley without slipping. Using this correspondence 
between linear and angular speed and acceleration is very useful for solving problems, but is only 
true if there is no slipping. 



The angular momentum of a spinning object is L 
momentum with time: r = AL/At 



l(jj. Torques produce a change in angular 
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Figure 9.4: (Watch Youtube Video) 

http://www.ckl2.org/fiexbook/embed/view/2403 




Figure 9.5: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1105 

• Spinning objects have a kinetic energy, given by K = 1/2 Ia> 2 . 

Analogies Between Linear and Rotational Motion 



Linear 



Quantity 


Units 


Quantity 


Units 


X 


m 





Radians 


V 


m/s 


(A) 


Radians/s 


m 
F - ^E 

r - At 

a= ^ 

m 


kg 

Rotational < 

N 

/ 2 

m/s 


I 

T - At 


kg m 2 

N m 
Radians/s 2 


p = mv 


kg m/s 


L = Ioj 


kg m 2 /s 


K = \mv 2 


J 


K = \lco 2 


J 




Figure 9.6: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1106 
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Figure 9.7: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1107 



Key Equations 



d = rO 



the path length along an arc is equal to the radius of the arc times the angle through which the arc passes 



v = no 



the linear velocity of an object in rotational motion that is not sliding on surface or slipping with respect 
to a rope is the radius of rotation times the angular velocity 




Figure 9.8: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1108 



a = ra 



the linear acceleration of an object in rotational motion that is not sliding on surface or slipping with 
respect to a rope is the radius of rotation times the angular acceleration; this is in the direction of motion 

2 / 2 

®c = -v jr = —no 

the centripetal acceleration of an object in rotational motion depends on the radius of rotation and the 
angular speed; the sign reminds us that it points inward towards the center of the circle; this is just mv 2 jr 
from centripetal motion. 

co = 2n /T = 2nf 

angular velocity and period are simply related 

0(t) = 6 + co t+l/2at 2 



www.ckl2.org 



84 



the 'Big Three' equations work for rotational motion too! 



co(t) = a>o + at 



co z = col + 2a(A0) 



a = Tnet/I 

angular accelerations are produced by net torques, with inertia opposing acceleration; this is the rotational 
analog of a = F net /m 

r net = St,- = la 

the net torque is the vector sum of all the torques acting on the object. When adding torques it is necessary 
to subtract CW from CCW torques. 

r = r x F = r ± F = rF ± 

individual torques are determined by multiplying the force applied by the perpendicular component of the 
moment arm 

L = I(L> 

angular momentum is the product of moment of inertia and angular velocity. 

T = AL/At 




Video 



Figure 9.9: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1109 

torques produce changes in angular momentum; this is the rotational analog of F = Apj At 

K = 1/2Ioj 2 

angular motion counts for kinetic energy as well! 
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Figure 9.10: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1110 




Figure 9.11: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/llll 




Figure 9.12: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1112 




Figure 9.13: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/2404 
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Rotational Motion Problem Set 



1. The wood plug, shown below, has a lower moment of inertia than the steel plug because it has a 
lower mass. 



notation axis 

3 



notation axis 



wood plug 



ste el plug 



(a) Which of these plugs would be easier to spin on its axis? Explain. 

Even though they have the same mass, the plug on the right has a higher moment of inertia (I), than 
the plug on the left, since the mass is distributed at greater radius. 



rotation axis 



mtatiorLaxis 




wDodplug 



equal mass vrood 
plug with hole 



(b) Which of the plugs would have a greater angular momentum if they were spinning with the 
same angular velocity? Explain. 

2. Here is a table of some moments of inertia of commonly found objects: 



Object 



Disk 

(rotated about center) 



Ring 

(rotated about center) 



Rod or plank 

(rotated about center) 



Rod or plank 

(rotated about end) 



Sphere 



Satellite 



Drawing 



-►O 



Moment of Inertia 



%MR 2 



MR 2 



7 19 ML 2 



1 AML 2 



%MR Z 



MR 2 



(a) Calculate the moment of inertia of the Earth about its spin axis. 

(b) Calculate the moment of inertia of the Earth as it revolves around the Sun. 

(c) Calculate the moment of inertia of a hula hoop with mass 2 kg and radius 0.5 m. 

(d) Calculate the moment of inertia of a rod 0.75 m in length and mass 1.5 kg rotating about one 
end. 

(e) Repeat d., but calculate the moment of inertia about the center of the rod. 

3. Imagine standing on the North Pole of the Earth as it spins. You would barely notice it, but you 
would turn all the way around over 24 hours, without covering any real distance. Compare this to 
people standing on the equator: they go all the way around the entire circumference of the Earth 
every 24 hours! Decide whether the following statements are TRUE or FALSE. Then, explain your 
thinking. 

(a) The person at the North Pole and the person at the equator rotate by 2n radians in 86,400 
seconds. 

(b) The angular velocity of the person at the equator is 27r/86400 radians per second. 

(c) Our angular velocity in San Francisco is 2^/86400 radians per second. 

(d) Every point on the Earth travels the same distance every day. 

(e) Every point on the Earth rotates through the same angle every day. 
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(f) The angular momentum of the Earth is the same each day. 

(g) The angular momentum of the Earth is 2/5MR 2 co. 

(h) The rotational kinetic energy of the Earth is 1/5MR co 2 . 

(i) The orbital kinetic energy of the Earth is l/2MR 2 co 2 1 where R refers to the distance from the 
Earth to the Sun. 

4. You spin up some pizza dough from rest with an angular acceleration of 5 rad/s . 

(a) How many radians has the pizza dough spun through in the first 10 seconds? 

(b) How many times has the pizza dough spun around in this time? 

(c) What is its angular velocity after 5 seconds? 

(d) What is providing the torque that allows the angular acceleration to occur? 

(e) Calculate the moment of inertia of a flat disk of pizza dough with mass 1.5 kg and radius 0.6 m. 

(f) Calculate the rotational kinetic energy of your pizza dough at t = 5 s and £ = 10 s. 

5. Your bike brakes went out! You put your feet on the wheel to slow it down. The rotational kinetic 
energy of the wheel begins to decrease. Where is this energy going? 

6. Consider hitting someone with a Wiffle ball bat. Will it hurt them more if you grab the end or 
the middle of the bat when you swing it? Explain your thinking, but do so using the vocabulary of 
moment of inertia (treat the bat as a rod), angular momentum (imagine the bat swings down in a 
semi-circle), and torque (in this case, torques caused by the contact forces the other person's head 
and the bat are exerting on each other). 

7. Why does the Earth keep going around the Sun? Shouldn't we be spiraling farther and farther 
downward towards the Sun, eventually falling into it? Why do low-Earth satellites eventually spiral 
down and burn up in the atmosphere, while the Moon never will? 

8. If most of the mass of the Earth were concentrated at the core (say, in a ball of dense iron), would 
the moment of inertia of the Earth be higher or lower than it is now? (Assume the total mass stays 
the same.) 

9. Two spheres of the same mass are spinning in your garage. The first is 10 cm in diameter and made 
of iron. The second is 20 cm in diameter but is a thin plastic sphere filled with air. Which is harder 
to slow down? Why? (And why are two spheres spinning in your garage?) 

10. A game of tug-o-war is played ... but with a twist (ha!). Each team has its own rope attached to 
a merry-go-round. One team pulls clockwise, the other counterclockwise. Each pulls at a different 
point and with a different force, as shown. 



200 N 




jfim 



(a) Who wins? 

(b) By how much? That is, what is the net torque? 

(c) Assume that the merry-go-round is weighted down with a large pile of steel plates. It is so 
massive that it has a moment of inertia of 2000 kg • m 2 . What is its angular acceleration? 

(d) How long will it take the merry-go-round to spin around once completely? 

11. You have two coins; one is a standard U.S. quarter, and the other is a coin of equal mass and size, 
but with a hole cut out of the center. 



(a) Which coin has a higher moment of inertia? 
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(b) Which coin would have the greater angular momentum if they are both spun at the same angular 
velocity? 

12. A wooden plank is balanced on a pivot, as shown below. Weights are placed at various places on the 
plank. 

030m Consider the torque on the plank caused by weight A. 

M H P 




(a) What force, precisely, is responsible for this torque? 

(b) What is the magnitude (value) of this force, in Newtons? 

(c) What is the moment arm of the torque produced by weight A? 

(d) What is the magnitude of this torque, in N • ml 

(e) Repeat parts (a - d) for weights B and C. 

(f) Calculate the net torque. Is the plank balanced? Explain. 

13. A star is rotating with a period of 10.0 days. It collapses with no loss in mass to a white dwarf with 
a radius of .001 of its original radius. 

(a) What is its initial angular velocity? 

(b) What is its angular velocity after collapse? 

14. For a ball rolling without slipping with a radius of 0.10 m, a moment of inertia of 25.0 kg - m 2 , and 
a linear velocity of 10.0 m/s calculate the following: 

(a) The angular velocity. 

(b) The rotational kinetic energy. 

(c) The angular momentum. 

(d) The torque needed to double its linear velocity in 0.2 sec. 

15. A merry-go-round consists of a uniform solid disc of 225 kg and a radius of 6.0 m. A single 80 kg 
person stands on the edge when it is coasting at 0.20 revolutions /sec. How fast would the device be 
rotating after the person has walked 3.5 m toward the center. (The moments of inertia of compound 
objects add.) 




16. In the figure we have a horizontal beam of length, L, pivoted on one end and supporting 2000 N on 
the other. Find the tension in the supporting cable, which is at the same point at the weight and is 
at an angle of 30 degrees to the vertical. Ignore the weight of the beam. 

17. Two painters are on the fourth floor of a Victorian house on a scaffold, which weighs 400 N. The 
scaffold is 3.00 m long, supported by two ropes, each located 0.20 m from the end of the scaffold. 
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The first painter of mass 75 kg is standing at the center; the second of mass, 65.0 kg, is standing 
1.00 m from one end. 




(a) Draw a free body diagram, showing all forces and all torques. (Pick one of the ropes as a pivot 
point.) 

(b) Calculate the tension in the two ropes. 

(c) Calculate the moment of inertia for rotation around the pivot point, which is supported by 
the rope with the least tension. (This will be a compound moment of inertia made of three 
components.) 

(d) Calculate the instantaneous angular acceleration assuming the rope of greatest tension breaks. 

18. A horizontal 60 N beam. 1.4 m in length has a 100 N weight on the end. It is supported by a cable, 
which is connected to the horizontal beam at an angle of 37 degrees at 1.0 m from the wall. Further 
support is provided by the wall hinge, which exerts a force of unknown direction, but which has a 
vertical (friction) component and a horizontal (normal) component. 

(a) Find the tension in the cable. 

(b) Find the two components of the force on the hinge (magnitude and direction). 

(c) Find the coefficient of friction of wall and hinge. 




SOON 



19. On a busy intersection a 3.00 m beam of 150 N is connected to a post at an angle upwards of 20.0 
degrees to the horizontal. From the beam straight down hang a 200N sign 1.00 m from the post and 
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20. 



a 500 N signal light at the end of the beam. The beam is supported by a cable, which connects to the 
beam 2.00 m from the post at an angle of 45.0 degrees measured from the beam; also by the hinge 
to the post, which has horizontal and vertical components of unknown direction. 

(a) Find the tension in the cable. 

(b) Find the magnitude and direction of the horizontal and vertical forces on the hinge. 

(c) Find the total moment of inertia around the hinge as the axis. 

(d) Find the instantaneous angular acceleration of the beam if the cable were to break. 

There is a uniform rod of mass 2.0 kg of length 2.0 m. It has a mass of 2.6 kg at one end. It is 
attached to the ceiling .40 m from the end with the mass. The string comes in at a 53 degree angle 
to the rod. 

(a) Calculate the total torque on the rod. 

(b) Determine its direction of rotation. 

(c) Explain, but don't calculate, what happens to the angular acceleration as it rotates toward a 
vertical position. 




21. The medieval catapult consists of a 200 kg beam with a heavy ballast at one end and a projectile of 
75.0 kg at the other end. The pivot is located 0.5 m from the ballast and a force with a downward 
component of 550 N is applied by prisoners to keep it steady until the commander gives the word to 
release it. The beam is 4.00 m long and the force is applied 0.900 m from the projectile end. Consider 
the situation when the beam is perfectly horizontal. 

(a) Draw a free-body diagram labeling all torques. 

(b) Find the mass of the ballast. 

(c) Find the force on the horizontal support. 

(d) How would the angular acceleration change as the beam moves from the horizontal to the vertical 
position. (Give a qualitative explanation.) 

(e) In order to maximize range at what angle should the projectile be released? 

(f) What additional information and/or calculation would have to be done to determine the range 
of the projectile? 



Answers to Selected Problems 



l. . 

2. a. 9.74 x 10 37 kg m2b. 1.33 x 10 47 kg m 2 

c. 0.5 kg m 

d. 0.28 kg m 2 

e. 0.07 kg m 2 

3. a. True, all rotate 2n for 86, 400; sec which is 24 hours, b. True, co = 2^/t and t = 86,400 s 

f. True, L is the same 

g. L = Icxj and / = 2/5 mr 2 
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h. True, K = \lco 2 & / = 2/5 mr 2 sub - in K = 1/5 mr 2 aj 2 
i. True, K = \lco 2 & I = mr 2 sub - in K = \mr 2 aj 2 

4. a. 250 radb. 40 rad 

c. 25 rad/s 

d. Force applied perpendicular to radius allows a 

e. 0.27 kg m 2 , f. K 5 = 84 J and K x = 340 J 

5. . 

6. Moment of inertia at the end 1/3 ML at the center 1/12 ML , angular momentum, L 
torque, r = la change the in the same way 

7. . 

8. Lower 

9. Iron ball 

10. a. 200 N team b. 40 N 

c. 0.02 rad/s 2 

d. 25 s 

11. a. Coin with the hole b. Coin with the hole 

12. a. weight b. 19.6 N 

c. plank's length (0.8m) left of the pivot 

d. 15.7 N m, 

e. Ba. weight, Bb. 14.7 N, Be. plank's length (0.3m) left of the pivot, Bd. 4.4 N m, Ca. weight, 
Cb. 13.6 N, Cc. plank's length (1.00 m) right of the pivot, Cd. 13.6 N m, f) 6.5 N m CC, g) no, net 
torque doesn't equal zero 

13. a. 7.27 x 10" 6 Hzb. 7.27 Hz 

14. a. 100 Hzb. 1.25 x 10 5 J 

c. 2500 J -s 

d. 12,500 m-N 

15. 28 rev/sec 

16. 2300 N 




Figure 9.14: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1113 



17. 

18. b. 771 N, 1030 Nc. 554 kgm 2 
d. 4.81rad/sec 

19. a. 300 Nb. 2407V, -22 N 
c. .092 

20. a. 2280 Nb. 856 n toward beam, 106 N down 

c. 425 kgm 2 

d. 3.39 rad/sec 

21. a. -1.28 Nm20. CCW 

22. a. 1411 kgc. 17410 N 

d. angular ace goes down as arm moves to vertical 
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Chapter 10 

Simple Harmonic Motion 




10.1 The Big Idea 



The development of devices to measure time, like the pendulum, led to the analysis of periodic motion. 
Such motion repeats itself in equal intervals of time (called periods) and is also referred to as harmonic 
motion. When an object moves back and forth over the same path in harmonic motion it is said to be 
oscillating. If the distance such an object travels in one oscillation remains constant, it is called simple 
harmonic motion (SHM). A grandfather clock's pendulum and the quartz crystal in a modern watch are 
examples of SHM. 

Key Concepts 

• The oscillating object does not lose any energy in SHM. Friction is assumed to be zero. 

• In harmonic motion there is always a restorative force, which attempts to restore the oscillating object 
to its equilibrium position. The restorative force changes during an oscillation and depends on the 
position of the object. In a spring the force is given by Hooke's Law: F = -kx\ in a pendulum it is 
the component of gravity along the path. 



Objects in simple harmonic motion do not obey the "Big Three" equations of motion because the 
acceleration is not constant. As a spring compresses, the force (and hence the acceleration) increases. 
Similarly, as a pendulum swings, the tangential component of the force of gravity changes. The 
equations of motion for SHM are given in the Key Equations section. 
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Figure 10.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1114 




Video 



Figure 10.2: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1115 

The period, T, is the amount of time needed for the harmonic motion to repeat itself, or for the 
object to go one full cycle. In SHM, T is the time it takes the object to return to its exact starting 
point and starting direction. 

The frequency, /, is the number of cycles an object goes through in 1 second. Frequency is measured 
in Hertz (Hz). 1 Hz = 1 cycle per sec. 

The amplitude, A, is the distance from the equilibrium (or center) point of motion to either its lowest 
or highest point (end points). The amplitude, therefore, is half of the total distance covered by the 
oscillating object. The amplitude can vary in harmonic motion, but is constant in SHM. 

The kinetic energy and the speed are at a maximum at the equilibrium point, but the potential 
energy and restorative force is zero there. 

At the end points the potential energy is at a maximum, while the kinetic energy and speed are zero. 
However at the end points the restorative force and acceleration are at a maximum. 




Figure 10.3: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1061 
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• In SHM since energy is conserved, often, the most fruitful method of calculating position and velocity 
is to set the total energy equal to the sum of kinetic and potential energies. Similarly force and 
acceleration are best calculated by using X F = ma. 

Key Equations and Definitions 



Period Equations 



T = j Period is the inverse of frequency 

^spring = 2nJj Period of mass mon a spring with constant k 

^pendulum = 2n J- Period of a pendulum of length L 



(x(t) = xo + A cos 2nf(t - to) Position of an object in SHM of Amplitude A 
v(t) = -2nfA sin 2nf{t - to) Velocity of an object in SHM of Amplitude A 

Simple Harmonic Motion Problem Set 

1. While treading water, you notice a buoy way out towards the horizon. The buoy is bobbing up and 
down in simple harmonic motion. You only see the buoy at the most upward part of its cycle. You 
see the buoy appear 10 times over the course of one minute. 

(a) What is the force that is leading to simple harmonic motion? 

(b) What is the period (T) and frequency (/) of its cycle? Use the proper units. 

2. A rope can be considered as a spring with a very high spring constant k, so high, in fact, that you 
don't notice the rope stretch at all before it "pulls back." 

(a) What is the k of a rope that stretches by 1 mm when a 100 kg weight hangs from it? 

(b) If a boy of 50 kg hangs from the rope, how far will it stretch? 

(c) If the boy kicks himself up a bit, and then is bouncing up and down ever so slightly, what is his 
frequency of oscillation? Would he notice this oscillation? If so, how? If not, why not? 

3. If a 5.0 kg mass attached to a spring oscillates 4.0 times every second, what is the spring constant k 
of the spring? 

4. A horizontal spring attached to the wall is attached to a block of wood on the other end. All this 
is sitting on a frictionless surface. The spring is compressed 0.3 m. Due to the compression there is 
5.0 J of energy stored in the spring. The spring is then released. The block of wood experiences a 
maximum speed of 25 m/s. 

(a) Find the value of the spring constant. 

(b) Find the mass of the block of wood. 

(c) What is the equation that describes the position of the mass? 

(d) What is the equation that describes the speed of the mass? 

(e) Draw three complete cycles of the block's oscillatory motion on an x vs. t graph. 

5. Give some everyday examples of simple harmonic motion. 

6. Why doesn't the period of a pendulum depend on the mass of the pendulum weight? Shouldn't a 
heavier weight feel a stronger force of gravity? 

7. The pitch of a Middle C note on a piano is 263 Hz. This means when you hear this note, the hairs 
in your ears wiggle back and forth at this frequency. 

(a) What is the period of oscillation for your ear hairs? 
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(b) What is the period of oscillation of the struck wire within the piano? 

8. The effective k of the diving board shown here is 800 N/m. (We say effective because it bends in the 
direction of motion instead of stretching like a spring, but otherwise behaves the same.) A pudgy 
diver is bouncing up and down at the end of the diving board, as shown. The y vs t graph is shown 
below. 




time (s) 



(a) What is the distance between the lowest and highest points of oscillation? 

(b) What is the y-position of the diver at times t = s, t = 2 s, and t = 4.6 s? 

(c) Estimate the man's period of oscillation. 

(d) What is the diver's mass? 

(e) Write the sinusoidal equation of motion for the diver. 

Sunspot Cycles 1749 - July 2003 

Average Monthly Counl 
source: International Sunsnot Count (Brussels SIDC Index) 

— SUnspqt Monthly Average | 
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9. The Sun tends to have dark, Earth-sized spots on its surface due to kinks in its magnetic field. The 
number of visible spots varies over the course of years. Use the graph of the sunspot cycle above to 
answer the following questions. (Note that this is real data from our sun, so it doesn't look like a 
perfect sine wave. What you need to do is estimate the best sine wave that fits this data.) 

(a) Estimate the period T in years. 

(b) When do we expect the next "solar maximum?" 

10. The pendulum of a small clock is 1.553 cm long. How many times does it go back and forth before 
the second hand goes forward one second? 

11. On the moon, how long must a pendulum be if the period of one cycle is one second? The acceleration 
of gravity on the moon is one sixth that of Earth. 

12. A spider of 0.5 g walks to the middle of her web. The web sinks by 1.0 mm due to her weight. You 
may assume the mass of the web is negligible. 

(a) If a small burst of wind sets her in motion, with what frequency will she oscillate? 

(b) How many times will she go up and down in one s? In 20 s? 

(c) How long is each cycle? 

(d) Draw the x vs t graph of three cycles, assuming the spider is at its highest point in the cycle at 

/ = 0s. 
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13. A mass on a spring on a frictionless horizontal surface undergoes SHM. The spring constant is 
550 N/m and the mass is 0.400 kg. The initial amplitude is 0.300 m. 

(a) At the point of release find: 

i. the potential energy 
ii. the horizontal force on the mass 
iii. the acceleration as it is released 

(b) As the mass reaches the equilibrium point find: 

i. the speed of the mass 
ii. the horizontal force on the mass 
iii. the acceleration of the mass 

(c) At a point .150 m from the equilibrium point find: 

i. the potential and kinetic energy 

ii. the speed of the mass 
iii. the force on the mass 
iv. the acceleration of the mass 

(d) Find the period and frequency of the harmonic motion. 

14. A pendulum with a string of 0.750 m and a mass of 0.250 kg is given an initial amplitude by pulling 
it upward until it is at a height of 0.100 m more than when it hung vertically. This is point P. When 
it is allowed to swing it passes through point Q at a height of .050 m above the equilibrium position, 
the latter of which is called point R. 

(a) Draw a diagram of this pendulum motion and at points P, Q, and R draw velocity and acceleration 
vectors. If they are zero, state that also. 

(b) At point P calculate the potential energy. 

(c) At point R calculate the speed of the mass. 

(d) At point Q calculate the speed of the mass. 

(e) If the string were to break at points P, Q, and R draw the path the mass would take until it hits 
ground for each point. 

(f) Find the tension in the string at point P. 

(g) Find the tension in the string at point R. 
(h) Find the period of harmonic motion. 

Answers to Selected Problems 

1. a. Buoyant force and gravity b. T = 6 s, / = 1/6 Hz 

2. a. 9.8xl0 5 N/mb. 0.5 mm 
c. 22 Hz, no, 

3. 3.2 x 10 3 N/m 

4. a. llON/md. v(t) = (25)cos(83t) 

5. . 

6. . 

7. a. 0.0038 sb. 0.0038 s 

8. . 

9. . 

10. 4 times 

11. 0.04 m 

12. a. 16 Hzb. 16 complete cycles but 32 times up and down, 315 complete cycles but 630 times up and 
down 

c. 0.063 s 
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13. a. 24.8 J,165N,413m/s 2 b. ll.lm/s,0,0 

c. 6.2 J, 18.6 J, 9.49 m/s, 82.5 N, 206 m/s 2 

d. .169 sec, 5.9 Hz 

14. b. .245 Jc. 1.40m/s 
d. 1.00 m/s 

f. 2.82 N 

g. 3.10 N 
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Chapter 11 

The Physics of Global Warming 
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11.1 The Big Idea 



The observed global warming on Earth is a manifestation of the Second Law of Thermodynamics. The 
Earth operates like any heat engine. Input heat from solar radiation and exhaust heat (terrestrial radiation) 
largely determine the operating temperature (global surface temperature). Over geological periods this 
heat exchange reaches equilibrium and the temperature is stable. If the input heat increases or the exhaust 
heat decreases the temperature rises and vice versa. Natural processes over geologic time have changed the 
input and affected both output heat and temperature. In the present era the quantity of exhaust heat is 
being rapidly restricted by the greenhouse effect; consequently, the earth's temperature must rise to reach 
equilibrium. How much higher it must rise depends entirely on human activity. 

The input heat - solar energy received - is a function of solar activity and oscillations in characteristics of 
the Earth's orbit. 

The quantity of exhaust heat, terrestrial radiation, is largely a function of the presence of certain gases 
in the atmosphere that absorb outgoing infrared radiation. This is known as the greenhouse effect. The 
greenhouse effect is due to the differential absorption of certain wavelengths of solar as compared to 
terrestrial radiation. 

The solar energy reaching the surface of the Earth is concentrated in short wavelengths, which can easily 
penetrate the greenhouse gases, such as Carbon Dioxide and Methane. The Earth, however, is cooler than 
the sun and it radiates its heat in the form of energy in the far infrared range. These longer wavelengths 
are partially absorbed by the greenhouse gases and some of the solar heat is returned to Earth. At a 
certain temperature these processes are in equilibrium and the surface temperature of the Earth is stable. 
However, if more greenhouse gases are put in the atmosphere the amount of trapped terrestrial radiation 
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increases, leading to an increase in global temperature. 

Currently the heating effect of extra greenhouse gases (since the start of the industrial revolution) is equal to 
about 1.0 W/m . Thus the recent period has recorded parallel increases in concentration of carbon dioxide 
and average global temperature. As more greenhouse gases are put into the atmosphere the temperature 
will increase further. There are certain effects of a warmer Earth (discussed below) which could accelerate 
the process, even if no more greenhouse gases are put into the atmosphere (an unlikely prospect for the 
foreseeable future). 




Figure 11.1: (Watch Youtube Video) 

http://www.ckl2.org/flexbook/embed/view/1190 



The Key Concepts (Possible Effects That Can Accelerate Global 
Warming) 

1. Time Lag: The excess energy warms the ocean very slowly, due to water's high heat capacity. Even 
in the unlikely event that no more greenhouse gases are added to the atmosphere the temperature 
increase already measured will be nearly doubled. 

2. The Effect of Water Vapor: Increasing temperatures will lead to more evaporation and more 
water vapor in the atmosphere. Water vapor is a greenhouse gas and its increased presence may 
cause further warming in a positive feedback loop. On the other hand if the water vapor results in 
more clouds more solar radiation will be reflected, a possible negative feedback. 

3. Albedo is the amount of light reflected by a surface. Sea ice has an albedo of .85, meaning 85% of 
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light is reflected back from its surface (and leaves the Earth) and 15% is absorbed and stays in the 
Earth; ice- free water has an albedo of .07.(93% of the solar energy is absorbed.) Thus the observed 
melting of sea ice could amplify the effect of global warming 

4. The melting of the Arctic Permafrost also has an amplifying effect by releasing carbon dioxide 
and methane that is normally trapped in the tundra. 

5. Warmer oceans are hostile to algae and cytoplankton , which are the most important absorbers 
of carbon dioxide. The loss of the these two photosynthesizers would remove the most important 
natural CO2 sink. 

6. Loss of Rainforests would have a similar effect. Global warming is likely to lead to desertification 
of the habitats of rainforests. The rainforest is the second most important CO2 sink. 

The Key Concepts (Physical Laws and Observations) 

1. The relationship between temperature of a body and its radiation wavelength is given by Wien's 
Law: For any body that radiates energy, the wavelength of maximum energy radiated is inversely 
related to the temperature. 

2. The effect of global warming on the solubility of Carbon Dioxide (CO 2) and methane (CH4) is 
governed by two laws that have opposing effects. Henry's Law: The solubility of a gas is directly 
proportional to the partial pressure of that gas. The constant of proportionality is Henry's Law 
Constant. This constant of proportionality is temperature dependent and decreases as temperature 
increases. Therefore as carbon dioxide increases in the atmosphere the partial pressure of CO 2 
increases and more of it tends to dissolve in the oceans, but as the temperature increases the constant 
decreases and less of it tends to dissolve. The net effect at a given temperature will have to be 
calculated. 




3. The Solar Radiation peaks at 610 nm; there is 61.2% of solar radiation is in the visible band 
(400 - 750 nm) with less than 9% in the uv band and about 30 % in the near infra red. Some 99% is 
radiated between 275 and 5000 nm. This band largely is unabsorbed by any atmospheric gases. The 
most significant of the greenhouse gases are H2O and CO2. The plot above details the absorbance of 
various wavelengths of radiation by atmospheric gases in the shortwave region. 

4. The Earth's radiation peaks at 11, 000 nm, with an intensity of .04 W/cm . Some 99% is radiated 
between 40, 000 nm and 3000 nm in the longer infrared regions. This band is unabsorbed by nitrogen, 
oxygen and argon (99%) of the Earth's current atmosphere), but partially absorbed by carbon dioxide, 
methane, water vapor, nitrous oxide and some minor gases. The gases that absorb this band of 
radiation are called greenhouse gases. 

5. Earth Orbital Changes: There are three principal variations in orbit that are collectively known 
as the Milankovitch Cycles. Atmospheric concentrations of methane closely followed this cycle his- 
torically and on a larger time frame so have concentrations of CO2. 

(a) precession of the rotational axis (period: 23,000 years) 

(b) variation in tilt of rotational axis from 21.5° to 24.5° (period: 41,000 years) 

(c) eccentricity of the elliptical orbit (period: 100,000 years) 

6. Departures from the historical cyclical trend began 8000 years ago with the development of 
agriculture. This led to a temperature rise of 0.8 °C above expected trends and concentrations of 
CO2 rising 30 ppm above expected trends with the concentration of methane 450 ppb above natural 
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trends. In the last 100 years of industrialization these departures from normal have accelerated 
with temperature rising an additional 0.8 °C and CO2 concentrations rising to 370 ppm, which is 90 
ppm higher than the recorded CO2 concentrations at the warmest points in the interglacial periods. 
Methane concentrations are at 1750 ppb, 1000 ppb above historical highs. Over 70% of the extra 
greenhouse gases were added after 1950. CO2 is emitted whenever anything is burned, from wood 
to coal to gasoline. Methane is produced by animal husbandry, agriculture, and by incomplete 
combustion or leakage of natural gas. As more greenhouse gases are put into the atmosphere the 
temperature will increase further. The co- variation of CO2 concentrations and temperature has been 
demonstrated not only by recent observation, but by records of the last 700,000 years from Antarctic 
ice cores. There are many possible effects and feedback mechanisms that are currently being studied 
and modeled to better predict possible outcomes of this global trend. Many of these are identified 
above and in the following sections. 

The Key Applications 

1. Changing quantity of CO2 in oceans will lead to a change in pH of the oceans, changing its 
suitability as a habitat for some species of oceanic life. 

2. Human health problems are associated with warmer temperatures including a projected 10-fold 
rise in mosquito populations and the diseases they bring as well as the already documented spread 
of malaria and dengue fever into areas in which these diseases were hitherto unknown. 

3. Loss of water supply: A large part of human and other animal water supply is supplied from 
glaciers or melting snow-packs. This dependable supply will be disrupted or curtailed for many 
people. Especially vulnerable are Southeast Asia and India, which depend on the Himalayas, and 
much of South America, which depends on the Andes. In the US, California and the West stand to 
have a curtailed water supply in the summer months as a result of global warming. 

4. Weather changes: 

(a) Global Warming seems to cause the North Atlantic Oscillation to become stuck in the positive 
mode. The effect is to have warmer weather in Alaska, Siberia and western Canada, but colder 
weather in eastern Canada, Europe, and northeast US. 

(b) The same effect likely will lead to dry windy conditions in Europe and North America and dry 
conditions in much of Africa. 

(c) Models show global warming leading to droughts in most of the northern hemisphere, particu- 
larly in the grain belts of North America, Europe, and Asia. 

(d) At the same time, there is predicted to be increased rain overall, but coming in the form of 
severe storms and consequent flooding. 

(e) The conditions that lead to hurricanes and tornadoes are powered by solar energy. More solar 
energy in the ocean may lead to more severe hurricanes. There is some evidence to support 
that this has already occurred. The combination of warm Gulf waters and windy plains cause 
tornadoes. Both of these conditions will be increased by global warming. 

5. Melting of the land glaciers will lead to rising sea levels. The Greenland ice sheet is moving into 
irreversible melting, which together with the loss of other land ice raise the ocean levels 8 meters in 
a century. Thermal expansion of water would add several tens of centimeters to this rising sea level. 

6. Ecosystems under stress: When temperature changes occur over thousands of years, plants and 
animals adapt and evolve. When they happen over decades, adaptation is not always possible. The 
first flowering days of 385 plant species were on average 4.5 days earlier in 1991-2000 than normal. 
This can lead to lack of pollination and loss of fruiting. A study in the Netherlands showed that 
weather changes caused oak buds to leaf sooner, causing winter moth caterpillars to peak in biomass 
earlier. The birds that depend on the caterpillars to feed their chicks did not delay their egg laying. 
This led to a mismatch of 13 days between food availability and food needs for these birds. 
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The Key Equations 



1. Wien's Law: TA max = A; where A = 2.8978 m - K 

2. Henry's Law: C = kP part iaU where k is temperature dependent and gas dependent; C02@2O° = 
3.91 x 10" 3 molal/atm, C0 2 @25° = 3.12 X 10" 2 molal/atm; CH 4 @20° = 1.52 X 10" 3 molal/atm. The 
concentration is given in molals (Molal is moles of solute/kg of solvent) The partial pressure is given 
in atmospheres. 

3. Energy imbalance of 12 watt/m -year leads to deglaciation that raises sea levels 1 meter. 



4. Climate Sensitivity: Energy imbalance of 1 W/m 
perature 

5. Present Energy Imbalance 



.75°C ± .25° C change in average global tem- 



about 1 W/m 2 (+.5 W/m 2 ) 



Reflected Sotar 
Radiation 



\ 




Reflected by Clouds 
Aerosol and 

^A1omo sphere 



/ 



Incoming Solar 
Radiation 




Outgoing 

Longwave 

Radiation 



h^ric 



Absorbed by 
kAtmosphere 



_ _ . A torn spheric 
Emitted by A f ' Window 
Atmosphere -. 

V Greenhouse 
' pGases 




6. The picture above shows the normal energy balance of the Earth. Note that normally the 342 W/m 
incoming is balanced by 235 W/m outgoing +107 W/m reflected radiation. At present, the atmo- 
spheric window allows only 39 W/m out resulting in a total of 234 W/m outgoing and an energy 
surplus of 1 W/m that results in temperature increases. (These figures are +.5 W/m ). 

7. 1 kwh = .68 kg C0 2 (EPA estimates) 

8. 10, 000 kWh = 1.4 cars off the road = 2.9 acres of trees planted (EPA estimates) 



Problem Set Chapter 26 

1. One W/m energy imbalance may not seem much. (In the following calculations assume for the sake 
of significant digits that this is an exact number. It is in fact ±0.5 W/m ) 

(a) Calculate the total watts received by Earth. Surface area of a sphere is 4nr 2 . 

(b) Convert to energy in kWh. 

(c) How many joules of extra energy are received by Earth in a year? 

(d) To estimate the contrasting energy of an atomic bomb, assume 100 kg of f/ 235 , isotopic mass of 
235.043924, is split into Xe 142 >, isotopic mass of 141.929630, Sr 90 , isotopic mass of 89.907738 
and 3 neutrons, each with mass of 1.008665. All masses are given in amu's. First, find the mass 
difference between reactant and products. Then, converting to kilograms and using E = Amc 2 , 
find the energy in joules of an atomic bomb. 

(e) How many atomic bombs would have to be set off to equal the extra energy the Earth receives 
in one year from global warming? 
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1940 


310 


1960 


315 


1980 


335 


2000 


370 


2020 (IPCC* projection) 


420 



2. It is estimated that a 12 W/m energy imbalance leads to sufficient melting of land ice to cause the 
sea levels to rise one meter. 

(a) How many joules is that? 

(b) What mass of ice is melted? The heat of fusion of water is 3.33 X 10 5 J/kg. 

(c) What volume of water is that? (p = 1000 kg/m ) 

(d) From the above result, you should be able to estimate the surface area of the world's oceans 
and check the given estimate. 

3. Given the uncertainty of ±0.5 W/m , give the high and low estimates of global sea level rise in a 
century. Draw two new world maps using this data. Draw maps of your state, if it is a coastal state, 
100 years from now given these estimates. (Perhaps your inland state will become a coastal state.) 

Table 11.1: The growth in concentration of greenhouse gases over time (From the Intergov- 
ernmental Panel on Climate Change) 

year [CO2] ppm [CH4] ppb 

1100 
1250 
1550 
1750 
2150 



4. Given the Table (11.1), 

(a) Graph this data with time on the horizontal axis 

(b) Determine the rate of increase in the concentrations of the two gases 

i. 1940-2000 

ii. 1960-2000 

hi. 1980 - 2000 

iv. the instantaneous rates of change in 2000 

v. the instantaneous rates of change projected for 2020 

5. Climate forgings can come from a variety of sources besides methane and carbon dioxide. Determine 
whether the following are positive feedbacks (contribute to global warming) or negative. You may 
have to do some research on this. 

(a) Black Carbon Soot 

(b) Reflective Aerosols 

(c) Chlorofluorocarbons 

(d) Nitrous Oxide 

(e) Ozone 

(f) Cloud Droplet Changes 
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6. An overlooked area of additional global warming is the traditional cook stove. In one Honduran 
study, the soot smoke produced from one stove absorbed 65% of terrestrial radiation that then went 
into warming the atmosphere. There are 400 million such cook stoves worldwide, each of which 
emit 1.5 g of soot per kilogram of wood burned. The average daily use of wood is 7.5 kg per stove. 
Calculate the mass of soot released through cook stoves per day, per year. 

For Problems 7-10 use the following tables: 

Table 11.2: Electricity Emission Rates: (EPA) 



State or region 



C0 2 in kg/Mwh 



CH A in kg/Mwh 



N 2 O in kg/Mwh 



California 
Michigan 
New York City 
Oregon 



364.8 
740.1 
494.3 
304.3 



.00304 
.00662 
.00367 
.00149 



.00168 
.0133 
.00404 
.00154 



Table 11.3: Global Warming Potential of Gases Compared to Carbon Dioxide (IPCC): 



Greenhouse gas 



Multiplier 



Carbon dioxide C0 2 

Methane CH4 

Nitrous Oxide7V 2 O 

A/C refrigerant HFC - 143a 

Auto A/C refriger HFC - 134a 

SF 6 

C 2 Fq 



1 

23 

296 

4300 

1300 

22,000 

11,900 




7. A typical household air conditioner draws about 20a from a 240 v line. 

(a) If used for 8 hours how many kwh does it use? 

(b) In the course of a 120 day summer how many Mwh is that? 

(c) Calculate the mass of carbon dioxide one summer's use of ac contributes. (Pick a state or region 
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from above.) 

(d) Calculate the mass of methane and N2O emitted. 

(e) Using the global warming multipliers for the latter two gases calculate the global warming 
potential in equivalent kg of CO2 for all 3 gases. 

8. If you "shut down" your computer, but the LED light is still on, it consumes about 4 w of power. 
Suppose you do that for every weekend (60 hours) every week of the year. Repeat the calculations 
in problem 7 to find out the global warming potential in kg of C02- 

9. In 2006 Natomas High School in California used 1692 Mwh of electricity. Repeating the calculations 
above, find the kg of carbon dioxide emitted. 

10. A large car or SUV typically carries 1.0 kg of refrigerant for the a/c. 

(a) If this were released into the atmosphere calculate the equivalent of carbon dioxide released. 

(b) Repeat this calculation for a residential air conditioner (capacity is 2.8 kg.), using HFC - 143(2. 

(c) Your school has a commercial chiller maybe (1000 ton) with a refrigerant capacity of 1225 kg. 
If it uses HFC - 134a calculate the equivalent of CO2 emitted, if the chiller is decommissioned. 

Table 11.4: Emissions of Carbon Dioxide for Different Fuels 

Fuel Kg of carbon dioxide emitted/gallon 

Gasoline 8.78 

California reformulated gasoline, 5.7% ethanol 8.55 

Ethanol 6.10 

Diesel #2 10.05 

biodiesel 9.52 

Jet fuel 9.47 

propane 5.67 

Natural gas/gasoline gallon equivalent 6.86 

11. Compare the carbon "footprint" of the following: 

(a) a hybrid car (45 mpg) that drives 21,000 mile per year in Calif. 

(b) an SUV (17 mpg) that drives 21,000 miles per year also in Calif. 

(c) a mid-size car (24 mpg) that uses ethanol and drives 21,000 miles per year 

(d) a commercial flatbed (11 mpg) that drives 21,000 miles per year and uses bio diesel 




12. Research some typical mileages, type of fuel used, and miles covered in a year and determine the 
carbon footprint for: 

(a) a tractor-trailer truck 

(b) a commercial airliner 

(c) a corporate jet 

(d) a bus 

(e) Amtrak 

13. Looking at the above problems another way, suppose you want to travel from California to New York 
find your carbon footprint for the trip using: 
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(a) Amtrak 

(b) a jet plane 

(c) a bus 

(d) an SUV 

(e) a hybrid 

Assume 90% full loads on the commercial transports and 2 passengers on the cars. You will have to 
go on-line to find the loads of the commercial transports. 
14. China is putting two coal-fired electrical plants in operation each week. These plants do not typically 
use any scrubbing or pollution controls. Research the typical Mwh output, and, using either the 
table for problem 7 (Michigan depends more on coal than the other states listed.) or a more direct 
source for CO2 emissions for a coal plant, find the gain in greenhouse gas emissions each year from 
this source alone. Compare to the results in problem 4 and determine if the IPCC is underestimating 
the problem. 

Answers to Selected Problems 

1. a. 5.1xl0 14 Wb. 1.8xl0 15 kWh 

c. 1.6 xlO 22 J 

d. 7.0 xlO 15 J 

e. About 2.3 million bombs 
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Chapter 12 

Equations and Fundamental 
Concepts 



Simple Harmonic Motion and Wave Motion 



fn ~ 2L 
h ~ AL 

fbeat = l/l -/2I 

Vjowk/ = 343 m/s (in air at 20 C) 

A note: 440 Hz 

C note: 524 Hz 

D note: 588 Hz 

E note: 660 Hz 

G note: 784 Hz 

Fluids and Thermodynamics 



T = l/f 



T sp — 2n 



2tt. 



nodes at both ends 

(n is odd)node at one end 



1 



avg 
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3/2 kT =< - mv" > 

P = F/A 

P = P +pgh 

(j> — A ■ v 
°C=° K + 273.15 

108 



PV = NkT = nRT 

r buoy = ~\PwaterV displaced ) § 

Q in = W + AU + Q out 
W = Pa V 

k= -pv 2 ;u=pgh 

T] — W/Qi n ; llcarnot = 1 ~ {T low /Thigh) 



k = 1.381 x 10" 23 J/K 
p air = 1.29 kg/m 3 
tf = 8.315 J/mol-K 

Pwafer = 1000 kg/m 

/Vmos/># = 101,000N/M 2 

N avo = 6.022 x 10 23 mol" 1 



Properties of Fundamental Particles 



m 



proton 



= 1.6726 x 10" 27 kg 



([electron — Q proton — — 1.602x10 C 

V hydrogen atom ~U.OZyXl(J IQ 

m dectron = 9.109 xl0~ 31 kg 
1 amu = 1.6605 x 10" 27 kg = 931.5 Mev/c 2 

A E = A mc 2 



m n eutron = 1.6749 X 10 27 kg 



Radioactivity, Nuclear Physics, and Quantum Mechanics 



(Ax)(A/?) « A/47T 

A = h/p 

n = no Q t/t H 

lev^ 1240 nm 
(energy of a photon) 

(AE)(At) *h/4n 

Ephoton = hf = pC 

Kmax = qV = hf + (/> 
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239 



h = 6.626 x 1(T 34 J.s 

A Z = element Z with A nucleons 
14 C :t H = 5, 730 years(half life = t h ) 
Pu: t H = 24,119 years 

E = -13.605 ev(Hydrogen ground state) 



Light 



&blu 



450 nm 



l green 

\ re d ~ 600 nm 

WjSin(0j) = ?z r sin(0 r ) 

c = 2.998 x 10 8 m/s 
mX = dsin(0) 



^/zzr ~ ^ 



azr ~ "vacuum 



= 1.00 



Mwater — l.OO 

72 = CjV ma terial 



primary: Red, Green, Blue 

secondary: Magenta, Cyan, Yellow 

1 _ _1 1 
/ d di 



M = hi/h = rf//rf 



Electricity and Magnetism 



F E = k qiq 2 /r 2 
E = F E /q 
E = -aV/Ajk 

F B = qvxB = qvB sin(0) 
Swire = Hoi far 

Fwire = €(IxB)=€ IB sin(0) 



(direction: RHR) 
(direction: RHR) 
(direction: RHR) 



k = 8.992 x 10 9 N • m 2 /C 2 
fi = 4tt x 10~ 7 T • m/A 

= BAcos(0) 
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no 



U a = qAV 



Point charges: E(r) = kq/r 2 and V(r) = kq/r 

(k = l/Ane where s = 8.854 x 1CT 12 C 2 / N • m 2 ) 



Electric Circuits 



V = -A(p/At = Blv 



AV = IR 

I = Aq/At = AV/R 
t = RC 

P = AE/At = IaV = I 2 R = V 2 /R 
R = pi/ A 

V = -L(AI/At) 

Q = CAV 

L parallel plate = ksA/ u 

C parallel = C\ + C2 + . . . 



R* 



Ri + R 2 + • • • 



l/Rparallel = (l/*l) + (l//? 2 ) + • 
1/C«™ = (1/Ci) + (1/C 2 ) + 



Table 12.1: 



Name 



Symbols 



Unit 



Typical examples 



Voltage Source AV 



Resistor 



Capacitor 



Inductor 



Diode 



Transistor 



R 



C 



by type 



by type 






Hi 



HI 



volt (y) 

Ohm (fi) 
Farad (F) 

Henry (H) 
none 

none 



9 V (cell phone 
charger); 12 V 
(car); 120 VAC 
(U.S. wall outlet) 
144^(100 w,120v bulb); 
lkft (wet skin) 
RAM in a com- 
puter, 700 MF 
(Earth) 

7 H (guitar 

pickup) 
light-emitting 
diode (LED); solar 
panel 
Computer proces- 



sors 
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Equation Sheet 




Mathematics 




If X is any unit, then 



sin(0) = b/c — > b = c • sin(0) 
cos(#) = a/c — > a = c • cos(#) 
tan(0) = Z?/<2 -^ b = a - tan(0) 



2 2 i 7 2 

c = a + b 



180° = 7r radians 

^circle — Z7T/v 

o 

A circle = ^^ 

*W* = (4/3)^ 3 

y cylinder = 7TR h 



1 mX = 0.001 X = 10" J X 
1/iX = 0.000001 X = 10" 6 X 
1 nX = 0.000000001 X = 10" 9 X 



1 kX = 1000 X = 10 J X 



6 



1 MX = 1000000 X = 10 D X 
1 GX = 1000000000 X = 10 9 X 



If ax 2 + bx + c = 0, then . . 



x = 



-b± V/? 2 - 4ac 
2a 



% difference = | (measured - accepted) / accepted | xl00% 

vector dot product: a-b — ab cos 6 (product is a scalar) — is angle between vectors 



www.ckl2.org 



112 



vector cross product: axb = ab sin 6 (direction is given by RHR) 
Kinematics Under Constant Acceleration 

AX = Xfinal~X initial 

A (anything) = final value - initial value 

V avg = Ax/ At 
a avg = Av/At 



1 2 

x(t) = xq + VQt + -a x t 



v(t) = vo + at 
v 2 = Vq + 2a{Ax) 

(x = xq and v = vq at t = 0) 



g = 9.81 m/s 2 « 10 m/s 2 
1 km = 1000 m 
1 meter = 3.28 ft 
1 mile = 1.61 km 



Newtonian Physics and Centripetal Motion 



a = F net /mF g = mg 
Fnet = SF^/ / orc ^ = ma 

fk = HkF N F S p = -k(Ax) 
f s < fi s F N F G = Gmim 2 /r 2 
Fq = mv jr 

G = 6.672 x 10 n N • m 2 /kg 2 
1 kg = 1000 g = 2.2 lbs 

1 N = 1 kg • m/s 2 



Momentum and Energy Conservation 



^Pinitial 


= ^P final 


^ initial 


= E- final 


E 


= K+U + W 


P = 


- mv 


K = 


-- 1/2 mv 2 
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Rotational Motion 



p — 

r avg — 


■ Ap/At 


u g = 


■ mgh 


u sp = 


: h(Axf 


u g = 


■- -Gmxmijr 


W-- 


= F ■ Ax 


P-- 


= AW/ At 


P-- 


= Fv 



1 J = 1 N- m 

1 W = U/s 
1 food Calorie = 4180 J 

1 ev = 1.602 x 10" 19 J 
1 kwh = 3.600 x 10 6 J 



d = r6 

v — no 
a — ra 

a> = 2n/T 



0(f) = O + <o t + -at 2 



(o{t) 


= (Dq + at 


co 2 


= col + 2a(A0) 


a c 


= -no 




t = la 




L = r x p = I oj 


T - 


= r X F = AL/At 



K = l/2Ico 2 



*ring about cm 


= MR 2 


^disk about cm 


= -MR 2 

2 


^rod about end 


= (1/3)ML 2 



*solid sphere about cm — [Z/ OjNirx 
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Astronomy 



P* = 4 x 10 26 W 
M, = 1.99 x 10 30 kg 
R* = 6.96 x 10 8 m 



1 light-year(/j) = 9.45 x 10 15 m 
M Ea rth = 5.97 x 10 24 kg 
REarth = 6.38 x 10 6 m 

Earth - Sun distance = 1.496 x 10 11 m 
Muoon = 7.35 x 10 22 kg 
Rmooh = 1-74 x 10 6 m 
Earth - Moon distance = 3.84 X 10 8 m 
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Chapter 13 



Answers to Selected Problems 



13.1 Appendix A: Answers to Selected Problems 
(3e) 

Ch 1: Units and Problem Solving 

1. a. A person of height 5 ft. 11 in. is 1.80 m tall 

2. b. The same person is 

3. 180 cm 

4. a. 3 seconds = 1/1200 hoursb. 3xl0 3 ms 

5. 87.5 mi/hr 

6. c. if the person weighs 150 lb. this is equivalent to 668 N 

7. Pascals (Pa), which equals N/m 

8. 168 lb., 76.2 kg 

9. 5 mi/hr/s 

10. 15.13 m 

11. 11.85 m 

12. 89,300 mm 

13. f. 2025 mm 2 

14. b. 196 cm 2 

15. c. 250 cm 3 

16. 8 : 1, each side goes up by 2 cm, so it will change by 2 3 

17. 3.5 X10 51 : 1 

18. 72,000km/h 

19. 0.75 kg/s 

20. 8x2^ cm 3 / sec; N is for each second starting with seconds for 8 cm 3 

21. About 12 million 

22. About l\ trillion (1.5 x 10 12 ) 

23. [a] = N/kg = m/s : 



2 



Ch 2: Energy Conservation 

l. d 
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2. (discuss in class) 

3. a. 5.0 X 10 5 J 

(a) 3.7 xlO 5 J 

(b) Chemical bonds in the food. 

(a) 99m/s 

4. a. 5.0 x 10 5 J 

(a) 108 m/s 

5. a. 450,000 J 

(a) 22, 500 J 

(b) 5, 625 J 

(a) 21.2 m/s 

(b) 9.18 m 

6. . 

7. b. KE = 504, 600 J; U g = 1, 058, 400 J; E totat = 1, 563, 000 J 

8. a. 34 m/s at B; 28 m/s at D, 40 m/s at E, 49 m/s at C and F; m/s at H 

(a) 96 m 

9. a. 1.7 J 

(a) 1.3 m/s 

(b) 0.4 J, 0.63 m/s 

10. a. 1.2 m/s 2 

(a) 130 J 

11. a. 6750 J 

(a) 2.25 x 10 5 J 

(b) 1.5 x 10 5 J/gallon of gas 

12. 12. 0.76 m 

Ch 3: One-Dimensional Motion 

i. . 

2. . 

3. . 

4. . 

5. a. Zyan b. Ashaan is accelerating because the distance he travels every 0.1 seconds is increasing, so 
the speed must be increasing 

c. Ashaan 

d. Zyan 

f. Ashaan 

6. . 

7. . 

8. 6 minutes 

9. d. 20 meterse. 40 meters 

f. 2.67 m/s 

g. 6 m/s 
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h. Between t — 15 s and t = 20 sec because your position goes from x = 30 m to x = 20m. 
i. You made some sort of turn 

10. a. 7.7 m/s 2 b. 47 m, 150 feet 
c. 34 m/s 

11. a. 1.22 mb. 4.9 m/s 

c. 2.46 m/s 

d. -4.9 m/s 

12. b. 1 second c. at 2 seconds d. 4m 

13. a. 250 mb. 13 m/s, -13 m/s 
c. 14 s for round trip 

14. Let's say we can jump 20 feet (6.1 m) in the air. Then, on the moon, we can jump 36.5 m straight 
up. 

15. -31m/s 2 

16. 23 m/sb. 3.6 seconds 
c. 28 m d. 45m 

17. 25 m/sb. 30 m 
c. 2.5 m/s 

18. 2 m/s 2 

19. a. v = 0b. 10 m/s 2 

c. -10 m/s 2 

d. 60 m 

20. a. 0.3 m/s 2 b. 0.5 m/s 



Ch 4: Two-Dimensional and Projectile Motion 

l. 

2. 
3. 
4. 

5. 
6. 

7. a. 13 mb. 41 degrees 

c. v y = 26 m/s; v x = 45 m/s 

d. 56 degrees, 14 m/s 

8. . 

9. 32 m 

10. a. 0.5 sb. 0.8 m/s 

11. 104 m 

12. t = 0.60 s, 1.8 m below target 

13. 28 m. 

14. a. 3.5 s. b. 35 m; 15 m 

15. 40 m;8.5 m 

16. 1.3 seconds, 7.1 meters 

17. 50 m; vo y = 30 m/s; 50°; on the way up 

18. 4.4 s 

19. 19° 

20. 0.5 s 

21. 2.3 m/s 

22. 6 m 
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23. 1.4 seconds 

24. a. yes b. 14 m/s @ 23 degrees from horizontal 

25. 22 m/s @ 62 degrees 



Ch 5: Newton's Laws 

i. . 

2. . 

3. . 

4. Zero; weight of the hammer minus the air resistance. 

5. 2 forces 

6. 1 force 

7. No 

8. The towel's inertia resists the acceleration 

9. a. Same distance b. You go farther 
c. Same amount of force 

10. . 

11. a. 98 Nb. 98 N 

12. . 

13. 32 N 

14. 5.7 m/s 2 

15. . 

16. . 

17. F x = 14N,F y = 20N 

18. Left picture: F = 23N 98°, right picture:^ = 54 N 5° 

19. 3 m/s east 

20. 4 m/s 2 ; 22.5° NE 

21. 0.51 

22. 0.2 

23. The rope will not break because his weight of 784 N is distributed between the two ropes. 

24. Yes, because his weight of 784 N is greater than what the rope can hold. 

25. Mass is 51 kg and weight is 82 N 

26. a. While accelerating down b. 686 N 
c. 826 N 

27. a. 390 Nb. 490 N 

28. 0.33 

29. 3.6 kg 

30. gsintf 

31. b.20 N c. 4.9 Nd. 1.63 kg 

e. Eraser would slip down the wall 

32. a. 1450 Nb. 5600 N 

c. 5700 N 

d. Friction between the tires and the ground 

e. Fuel, engine, or equal and opposite reaction 

33. b. 210 Nc. no, the box is flat so the normal force doesn't change 
d. 2.8 m/s 2 

e.28 m/s 

f. no 

g. 69 N 
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h. 57 N 
i. 40 N 
j. 0.33 
k. 0.09 

34. . 

35. a. zero b. -kxO 

36. b. f\ — fj.i c migcos6;f2 — jU&m2gcos#c. Ma 

d. Ta = (mi + m<i) (a + /i cos 6) and 7g = m^a + /im2 cos 6 

e. Solve by using d — l/2at 2 and substituting h for d 

37. a. Yes, because it is static and you know the angle and m\h. Yes, Ta and the angle gives you m\ and 
the angle and Tc gives you ni2, m\ — Ta cos 25/g and rti2 — Tq cos 30/g 

38. a. 3 seconds d. 90 m 

39. . 

40. . 

41. . 

42. a. 1.5 N; 2.1 N; 0.71 



Ch 6: Centripetal Forces 



l. . 

2. . 

3. . 

4. . 

5. a. 100 Nb. 10m/s 2 

6. a. 25 N towards her b. 25 N towards you 

7. a. 14.2 m/s 2 b. 7.1 x 10 3 N 

c. friction between the tires and the road 

8. .0034g 

9. a. 6.2 X 10 5 m/s b. The same as a. 

10. 3.56xl0 22 N 

11. 4.2 x 10~ 7 N; very small force 

12. g = 9.8 m/s ; you'll get close to this number but not exactly due to some other small effects 

13. a. 4 X 10 26 Nb. gravity 

c. 2 x 10 41 kg 

14. .006 m/s 2 

15. a. .765b. 4880 N 

16. a. ~ 10~ 8 N very small force b. Your pencil does not accelerate toward you because the frictional 
force on your pencil is much greater than this force. 

17. a. 4.23 x 10 7 mb. 6.6 R e 

d. The same, the radius is independent of mass 

18. 1.9xl0 7 m 

19. You get two answers for r, one is outside of the two stars one is between them, that's the one you 
want, 1.32 x 10 10 m from the larger star. 

20. . 

21. . 

22. a. v = 28 m/sb. v-down, a-right 

c. /-right 

d. Yes, 640N 

www.ckl2.org 120 



Ch 7: Momentum Conservation 



1. 

2. 
3. 
4. 
5. 
6. 
7. 

8. 37.5 m/s 

9. vi = 2v2 

10. a. 24^b. 0.364 m/s 

c. 22^ 

d. 109 N 

e. 109 N due to Newton's third law 

11. 2.0 kg, 125 m/s 

12. 21 m/s to the left 

13. 3250 N 

14. a. 90secb. 1.7xl0 5 sec 

15. a. 60m/sb. .700 sec 
c. yes, 8.16 m 

16. 0.13 m/s to the left 

17. a. 11000 N to the left b. tree experienced same average force of 11000 N but to the right 

c. 25001b. 

d. about 2.5 "g"s of acceleration 

18. a. no change b. the last two cars 

19. a. 0.00912 s 

20. a. 0.0058 m/s 2 b. 3.5 m/s 2 



21. a.15 m/sb. 49° S of E 

22. b. 4.6 m/s 68° 



Ch 8: Energy & Force 

l. 

2. 
3. 
4. 
5. 

6. a. 7.18 X 10 9 Jb. 204 m/s 

7. a. 34 m/s @ B; 28 m/s @ D; 40 m/s @ E; 49 m/s @ C and F; m/s @ //b. 30 m 
c. Yes, it makes the loop 

8. a. 2.3 m/sc. No, the baby will not clear the hill. 

9. a. 29,500 Jb. 13 m 

10. . 

11. a. 86 mb. 220 m 

12. a. 48.5 m/sb. 128 N 

13. 0.32 m/s each 

14. a. 10 m/s b. 52 m 

15. a. 1.1 x 10 4 N/mb. 2 m above the spring 
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16. 96% 

17. . 

18. a. .008 mb. 5.12° 

19. 8 m/s same direction as the cue ball and m/s 

20. Vg if — -24.5 m/s;vpool = 17.6 m/s 

21. 2.8 m 

22. a. 0.57 m/sb. Leonora's 
c. 617 J 

23. a. 19.8 m/sb. 8.8 m/s 
c. 39.5 m 

24. a. 89 kWb. 0.4 
c. 15.1 m/s 

25. 43.8 m/s 

26. . 

27. . 

28. . 

29. a. 3.15 x 10 5 Jb. 18.0 m/s 

c. 2.41 m 

d. 7900 J 

30. a. v /14b. mv 2 /8 

c. 7mv 2 /392 

d. 71% 



Ch 9: Rotational Motion 

l. . 

2. a. 9.74 x 10 37 kg m2b. 1.33 x 10 47 kg m 2 

c. 0.5 kg m 2 

d. 0.28 kg m 2 

e. 0.07 kg m 2 

3. a. True, all rotate 2n for 86,400; sec which is 24 hours, b. True, a> = 2n/t and t = 86,400 s 

f. True, L is the same 

g. L = la) and / = 2/5 mr 2 

h. True, K = \lu? k 1 = 2/5 mr 2 sub - in K = 1/5 mr 2 w 2 
i. True, K = \lo? & I = mr 2 sub - in K = ±mr 2 a> 2 

4. a. 250 radb. 40 rad 

c. 25 rad/s 

d. Force applied perpendicular to radius allows a 

e. 0.27 kg m 2 , f. K 5 = 84 J and K l = 340 J 

5. . 

6. Moment of inertia at the end 1/3 ML 2 at the center 1/12 ML 2 , angular momentum, L — lex) and 
torque, r = la change the in the same way 

7. . 

8. Lower 

9. Iron ball 

10. a. 200 N team b. 40 N 

c. 0.02 rad/s 2 

d. 25 s 

11. a. Coin with the hole b. Coin with the hole 
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12. a. weight b. 19.6 N 

c. plank's length (0.8m) left of the pivot 

d. 15.7 N m, 

e. Ba. weight, Bb. 14.7 N, Be. plank's length (0.3m) left of the pivot, Bd. 4.4 N m, Ca. weight, 
Cb. 13.6 N, Cc. plank's length (1.00 m) right of the pivot, Cd. 13.6 N m, f) 6.5 N m CC, g) no, net 
torque doesn't equal zero 

13. a. 7.27 X 10~ 6 Hzb. 7.27 Hz 

14. a. 100 Hzb. 1.25 x 10 5 J 

c. 2500 J -s 

d. 12,500 m-N 

15. 28 rev/sec 

16. 2300 N 

17. b. 771 N, 1030 Nc. 554 kgm 2 
d. 4.81rad/sec 

18. a. 300 Nb. 240N, -22 N 
c. .092 

19. a. 2280 Nb. 856 n toward beam, 106 N down 

c. 425 kgm 2 

d. 3.39 rad/sec 

20. a. -1.28 Nm20. CCW 

21. a. 1411 kgc. 17410 N 

d. angular ace goes down as arm moves to vertical 



Ch 10: Simple Harmonic Motion 

1. a. Buoyant force and gravity b. T — 6 s, / — 1/6 Hz 

2. a. 9.8 x 10 5 N/mb. 0.5 mm 
c. 22 Hz, no, 

3. 3.2 x 10 3 N/m 

4. a. llON/md. v(r) = (25)cos(83t) 

5. . 

6. . 

7. a. 0.0038 sb. 0.0038 s 

8. . 

9. . 

10. 4 times 

11. 0.04 m 

12. a. 16 Hzb. 16 complete cycles but 32 times up and down, 315 complete cycles but 630 times up and 
down 

c. 0.063 s 

13. a. 24.8 J,165N,413m/s 2 b. ll.lm/s,0,0 

c. 6.2 J, 18.6 J, 9.49 m/s, 82.5 N, 206 m/s 2 

d. .169 sec, 5.9 Hz 

14. b. .245 Jc. 1.40m/s 
d. 1.00 m/s 

f. 2.82 N 

g. 3.10 N 
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Ch 11: Wave Motion and Sound 

1. 390 Hz 

2. a. 4 Hzb. It was being driven near its resonant frequency. 

c. 8 Hz, 12 Hz 

d. (Note that earthquakes rarely shake at more than 6 Hz). 

3. . 

4. . 

5. a. 7 nodes including the 2 at the ends b. 3.6 Hz 

6. 1.7 km 

7. a. 1.7 cmb. 17 m 

8. a. 4.3 X 10 14 Hzb. 2.3 X 10" 15 s- man that electron is moving fast 

9. a. 2.828 mb. 3.352 m 

c. L — 1/4 A so it would be difficult to receive the longer wavelengths. 

10. Very low frequency 

11. b. Same as closed at both ends 

12. . 

13. 1.9 Hz or 2.1 Hz. 

14. 0.53 m 

15. 2.2 m, 36 Hz; 1.1 m, 73 Hz; 0.733 m, 110 Hz; 0.55 m, 146 Hz 

16. 430 Hz; 1.3 X 10 3 Hz; 2.1 X 10 3 Hz; 3.0 x 10 3 Hz; 

17. a. The tube closed at one end will have a longer fundamental wavelength and a lower frequency, b. If 
the temperature increases the wavelength will not change, but the frequency will increase accordingly. 

18. struck by bullet first. 

19. 80 Hz; 0.6 m 

20. a. 0.457 mb. 0.914 m 
c. 1.37 m 

21. 2230 Hz; 2780 Hz; 2970 Hz 

22. 498 Hz 

23. 150 m/s 



Ch 12: Electricity 



i. 

2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. b. 1350 Nc. 1350 N 

12. a. 1.1 x 10 9 N/Cb. 9000 N 

13. F g = 1.0 x 10~ 47 N and F e = 2.3 x 10~ 8 N. The electric force is 39 orders of magnitudes bigger. 

14. 1.0xl0" 4 C 

15. . 

16. a. down b. Up 16c, 5.5 x 10 11 m/s 
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e. 2.9 x 10 8 m/s 2 

17. a. Toward the object b. 3.6 X 10 4 N/C to the left with a force of 2.8 X 10" 7 N 

18. Twice as close to the smaller charge, so 2 m from 12/iC charge and 1 m from 3/iC charge. 

19. 0.293 N and at 42.5° 

20. 624 N/C and at an angle of -22.4° from the +x-axis. 

21. a. 7500Vb. 1.5 m/s 

22. a. 6.4 x 10~ 17 Nb. 1300V 

c. 2.1 xlO" 16 J 

d. 2.2 x 10 7 m/s 

23. b. 0.25mc. F T = 0.022 N 
d. 0.37yuC 



Ch 13: Electric Circuits - Batteries and Resistors 

1. a. 4.5Cb. 2.8 X 10 19 electrons 

2. a. 0.11 Ab. 1.0 W 

c. 2.5 x 10 21 electrons 

d. 3636 W 

3. a. 192 ftb. 0.42 W 

4. a. 5.4 mVb. 1.4 x 10" 8 A 

c. 7.3 x 10 -11 W, not a lot 

d. 2.6 xlO" 7 J 

5. left — brighter, right = longer 

6. a. 224 Vb. 448 W 

c. 400 W by 100 ft and 48 W by 12 ft 

7. b. 8.3 W 

8. 0.5A 

9. . 

10. 0.8A and the 50 ft on the left 

11. a. 0.94 Ab. 112 W 

c. 0.35 A 

d. 0.94 A 

e. 50,45,75 ft 

f. both 50 ft resistors are brightest, then 45 ft, then 75 ft 

12. a. 0.76 Ab. 7.0 W 

13. b. 1000 W 

14. . 

15. a. 9.1 ftb 29.1 ft 
c. 10.8 ft 
d.26.8 ft 

e. 1.8A 

f. 21.5V 

g. 19.4V 
h. 6.1V 
i. 0.24A 
j. 16 kW 

16. a. 3.66 ftb. 0.36A 
c. 1.32 V 

17. . 
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18. 
19. 
20. 
21. 
22. 
23. a. 10V 



Ch 14: Magnetism 



1. No: if v — then F = 0; yes: F — qE 

2. . 

3. . 

4. a. Into the page b. Down the page 
c. Right 

5. Both pointing away from north 

6. . 

7. . 

8. 7.6 T, south 

9. Down the page; 60 N 

10. a. To the right, 1.88 x 10 4 Nb. 91.7 m/s 
c. It should be doubled 

11. East 1.5 x 10 4 A 

12. 0.00016 T; if CCW motion, B is pointed into the ground. 

13. 1.2 x 105 V, counterclockwise 

14. a. 15 Vb. Counter-clockwise 

15. a. 2 X 10" 5 Tb. Into the page 

c. 2.8 N/m 

d. CW 

16. a. 2.42 x 10 8 m/sb. 9.69 x 10" 12 N 
c. .0055 m 

17. E/B 

18. a. 8 x 10~ 7 Tb. 1.3 x 10~ 6 C 

19. a. 0.8 Vb. CCW 

c. .064 N 

d. .16N/C 

e. .13 w 

20. a. 1.11 x 10 8 m/sb. 9.1 x lO -30 N « 6.4 x 10~ 14 N 

d. .00364 T 

e. .173 m 

f. 7.03 x 1016 m/s 2 

g. 3.27° 

21. 19.2 V 

22. a.8.39 x 10 7 m/sb. 2.68 x 10" 13 N, -y 

c. 2.95 x 10^ m/s 2 

d. .00838 m 

e. 1.68 x 10 6 N/C 

f. 16,800 V 

23. a. 1.2xl0- 6 T,+zb. 1.5 x 10~ 17 N, -y 
c. 96 N/C, -y 
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Ch 15: Electric Circuits — Capacitors 



1. . 

2. a. 4 x 10 7 Vb. 4 x 10 9 J 

3. . 

4. a. 100 Vb. A greater voltage created a stronger electronic field, or because as charges build up they 
repel each other from the plate. 

5. 21 V, V is squared so it doesn't act like problem 4 

6. a. 3.3 Fb. 54 ft 

7. a. 200 Vb. 5 x 10" 9 F 
c. 2.5 x 10 -9 F 

8. a. 6Vb. 0.3A 

c. 18V 

d. 3.6 x 10" 4 C 

e. 3.2 x 10" 3 J 

f. i) 80yuF ii) 40//F iii) 120/iF 

9. a. 26.7,uFb. 166.7/iF 

10. a. 19.0 x 10 3 N/Cb. 1.4 x 10" 15 N 

c. 1.6xl0 15 m/s 2 

d. 3.3 xlO" 11 s 

e. 8.9xl0 _7 m 

f. 5.1 x 10" 30 

Ch 16: Electric Circuits — Advanced 

1. a. 4.9 x 10" 5 H b. -9.8 x 10" 5 V 

2. Zero 

3. a. Yes b. No c. Because they turn current flow on and off. 

4. 4a. 0.5 V b. 0.05 Ac. 0.05 A 

d. 5.5 V 

e. 8.25V 

f. llx 

5. 5a. Onb. On 

c. On, on, off, on, off, off, on, on 

6. 6b. 10.9^ Fc. 195 ft 

d. 169 ft 

e. 1.39 A 

f. -42° 

g. 115Hz 



Ch 17: Light 



l. . 

2. . 

3. 2200 blue wavelengths 

4. 65000 x-rays 

5. . 6 x 10 14 Hz6.3.3 m 

6. . 

7. . 
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8. b. vacuum & air c. 1.96 x 10 8 m/s 

9. 6.99 x 10 -7 m; 5.26 X 10~7 m 

10. . 

11. . 

12. Absorbs red and green. 

13. 25° 

14. . 

15. 33.3° 

16. a. 49.7°b. No such angle 
c. 48.8° 

17. b. 11.4 mc. 11.5 m 

18. 85 cm 

19. C. +4 units e. -1 

20. a. 6 units b. bigger; M = 3 

21. c. 1.5 units d. 2/3 

22. c. 3 units e. -2/3 

23. c. 5.3 units 

24. . 

25. b. 22.5 mm 

26. . 

27. 32 cm 

28. a. 10.2°b. 27 cm 
c. 20 cm 

29. a. 0.72 m 

30. . 

31. 54 cm, 44 cm, 21 cm, 8.8 cm 

32. . 

33. 13.5° 

34. 549 nm 



Ch 18: Fluids 

1. 0.84 

2. 1.4 x 10 5 kg 

3. a. 90% of the berg is underwater b. 57% 

4. b. 5.06 x 10" 4 Nc. 7.05 m/s 2 

5. 4.14 m/s 

6. 6. 40 coins 

7. b. upward c. 4.5 m/s 

d. Cooler air outside, so more initial buoyant force 

e. Thin air at high altitudes weighs almost nothing, so little weight displaced. 

8. a. At a depth of 10 cm, the buoyant force is 2.9 Nd. The bottom of the cup is 3 cm in radius 

9. a. 83,000Pab. 104 N 
c. HON 

10. a. 248 kPab. 591 kPa 
c. 1081 kPa 

11. . 

12. .0081 

13. a. 12500 J/m 3 b. 184 kPa 
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c. 1.16 kW 

d. 2.56 kW 

e. 11.8 A 

f. $12.60 

14. a. 611 kPab. 6 atm 

15. b. 500, 000 N 

16. a. 27 m/s 2 , (2.7 g) upward b. 1600 N 
c. 2200 N 

17. a. 10 Nb. 10.5 N 

c. UN 

d. UN 

18. a. "The Thunder Road" b. 2.0 m (note: here and below, you may choose differently) 
c. 33.5 m 3 

e. 3.5 million N 

f. lllMPa 



Ch 19: Thermodynamics and Heat Engines 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 517 m/s 

19. 1.15xl0 12 K 

20. . 

21. 40 N 

22. « 10 28 molecules 

23. a. 21,000 Pab. Decreases to 61,000 Pa 
c. 5.8 km 

24. a. No b. allowed by highly improbable state. More likely states are more disordered. 

25. a.8.34 x 10 23 b. 6.64 x 10" 27 kg 

c. 1600 m/s 

d. 744 kPa 

e. 4.2 x 10 20 or 0.0007 moles 
g. 0.00785 m 3 

26. a. 1.9 MWb. 0.56 MW 
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c. 1.3 Mw 

27. a. 54% b. 240 kW 

c. 890 kW 

d. 590 kW 

e. 630 kg 

28. a. 98% b. 4.0% 

c. 12% 

29. 14800 J 

30. 12, 000 J 

31. b. 720 K, 300 K, 600 Kc. isochoric; isobaric 

d. C to A; B - C 

e. 0.018 J 

32. b. 300 K, 1200 K 

33. a. 1753 Jb. -120 J 

c. 80 J 

d. 35 J 

e. -100 J, 80 J, 80 J 

Ch 20: Special and General Relativity 

1. longer 

2. = oo, the universe would be a dot 

3. 76.4 m, 76.4 m 

4. . 

5. = 1.002 

6. 9.15xl0 7 m/s 

7. 2.6 x 10 8 m/s 

8. a. 0.659 kmb. 22.4 

c. 4.92 x 10 -5 m/s 

d. 14.7 km 

9. 2900 m 

10. 1.34xl0" 57 m 

11. 0.303 s 

12. 2.9 x 10 _30 kg, yes harder to accelerate 

13. a. f b. c 

14. 4.5 x 10 16 J; 1.8 x 10 13 softballs 

15. a. 1.568 x 10" 13 Jb. 3.04 x 10 6 J 

Ch 21: Radioactivity and Nuclear Physics 

l. 

2. 
3. 

4. 
5. 

6. a. Substance A decays faster than 6b. Substance B because there is more material left to decay. 

7. a. 219 88 Ra ^ 215 86 Rn + 4 2 Heb. 158 63 Eu ^ 158 64 Gd +° _ ie ~ 

c. 53 22 Ti ^ 53 2 3 Va +° _x«- 

d. 211 83 Bi^ 207 81 Tl+ 4 2 He 



www.ckl2.org 130 



8. a. 5 x 10 24 atoms b. Decay of a lot of atoms in a short period of time 
c. 2.5 X 10 24 atoms 

a. \ 

e. 26.6 minutes 

9. The one with the short half life, because half life is the rate of decay. 

10. a. Substance B = 4.6 g and substance A = 0.035 gb. substance B 

11. 1.2 g 

12. 125 g 

13. 0.46 minutes 

14. t = 144, 700 years 

15. 0.0155 g 

16. 17 years 

17. 49,000 years 

Ch 22: Standard Model of Particle Physics 

1. strange 

2. some type of meson 

3. Electron, photon, tau. . . 

4. Neutron, electron neutrino, Z° 

5. Neutron, because it doesn't have electrical charge 

6. No, because it doesn't have electrical charge 

7. Two anti-up quarks and an anti-down quark 

8. Lepton number, and energy/mass conservation 

9. Yes, W+, W~, because they both have charge 

10. The weak force because it can interact with both quarks and leptons 

11. Yes; a,b,c,e; no; d,f 

12. The standard model makes verifiable predictions, string theory makes few verifiable predictions. 

Ch 23: Feynman Diagrams 

1. Allowed: an electron and anti-electron(positron) annihilate to a photon then become an electron and 
anti-electron(positron) again. 

2. Not allowed: electrons don't go backward though time, and charge is not conserved 

3. Not allowed: lepton number is not conserved 

4. a. Allowed: two electrons exchange a photon b. Not allowed: neutrinos do not have charge and 
therefore cannot exchange a photon. 

5. a. Allowed: an electron and an up quark exchange a photon b. Not allowed: lepton number not 
conserved 

6. Not allowed: quark number not conserved 

7. Allowed: electron neutrino annihilates with a positron becomes a W + then splits to muon and muon 
neutrino. 

8. Allowed: up quark annihilates with anti-up quark becomes Z°, then becomes a strange quark and 
anti-strange quark 

9. Not allowed: charge not conserved 

10. Allowed: this is a very rare interaction 

11. Not allowed: electrons don't interact with gluons 

12. Not allowed: neutrinos don't interact with photons 

13. Allowed: the electron and the positron are exchanging virtual electron/positron pairs 
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14. Allowed: this is beta decay, a down quark splits into an up quark an electron and an electron neutrino 
via a W~ particle. 

15. Allowed: a muon splits into an muon neutrino, an electron and an electron neutrino via a W~ particle. 

Ch 24: Quantum Mechanics 

1. a. 6.752 x 10" 26 /, 2.253 x 1CT 34 kgm/sb. 5.96 x 10" 20 /, 1.99 x 10" 28 kgm/s 
c. 4.90 x 1(T 28 /, 1.63 x 10 -36 kgm/s 

2. a. 1.94 eV, 1.04 x 10" 27 kgm/sb. 12.7 eV, 6.76 x 10" 27 kgm/s 
c. 5.00 eV, 2.67 x 10 -21 kgm/s 

3. a. .0827 nmb 4.59 x 10 -4 nm 
c. .942 nm 

4. 1.03xl0- 20 m 

5. a. 36 nmb. no 

c. 380 nm, 73 nm, 36 nm, 92 nm, 39 nm 

6. .80 V 

7. .564 nm 

8. a. .124 nmb. .00120 nm 

9. 24,600m/s 

10. 1.84xl0 8 m/s 

11. a..491 m/sb. 3.1410 7 J 

c. 64 Mw 

d. 1.55 pm 

12. 3.27 eV 

13. . 

14. b. 15c. 182 nm, 188 nm, 206 nm, 230 nm 

15. -10.3 eV, -3.82 eV, -2.29 eV, -1.83 eV 

16. a. 4.19 X 10 7 m/sb. 1.70 X 10 -11 m 

c. 1.95° 

d. .068 m 

17. a. 1.89 Vb. 1.60 A 
c. 1.25 ft 

18. a. 4.40 x 10" 24 kgm/sb. 1.17 x 10" 24 kgm/s 

c. 3.23 x 10 -24 kgm/s 

d. 3.76 x 10 7 m/s 

19. a. 1.1365 x 10 -22 kgm/sb. 5.860 pm 

c. 2 42 Cu -^ 4 He + 2 38Pu 

d. 238.0497 amu 

e. 17.7 cm 

f. -y 

g. +y, 34.2 N/C 

Ch 25: Global Warming 

1. a. 5.1 x 10 14 Wb. 1.8 x 10 15 kWh 

c. 1.6 xlO 22 J 

d. 7.0 xlO 15 J 

e. About 2.3 million bombs 
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